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AN  AUTOMATIC  TIT-TAT-TO  MACHINE.* 


Frank  T.  Frbeland, 

University  of  Pennsylvania,  Class  of  1879. 


The  problem  of  designing  a  machine  which  would  play  one  of  the 
games  of  skill,  has  been  attempted  many  times.  Several  automata 
have  been  constructed  which  would  play  the  game  of  chess ;  but  it 
was  always  found  upon  investigation,  that  their  motions  were  con- 
trolled by  a  hidden  confederate.  The  infinite  number  of  variations 
in  chess  renders  the  construction  of  a  true  chess  automaton  impos- 
sible. Mr,  Babbage,  the  inventor  of  the  difference  engine,  in  his 
ninth  Bridgewater  treatise,  refers  to  the  possibility  of  constructing 
an  automaton  which  would  play  a  much  simpler  game,  that  of 
tit-tat-to.  A  gentleman  of  this  city  has  invented  and  made  some 
drawings  of  such  an  automaton,  working  upon  the  principle  of   a 

*  University  of  Penna.,  Phila.,  November  9th,   1878. 
JJear  Sir : — I  hand  you    herewith,    description  and    drawings    of    the    automatic 
Tit-Tat-To  Player,  exhibited  at  your  last  meeting.     The  invention  displays  so  much 
mechanical  genius  that  it  cannot  but  prove  of  interest,  and  perhaps  of  service,  to  all 
mechanicians.  Respectfully, 

Wm.  D.   Marks. 
To  .J.  B.  Knight,  Esq.,  Secretary  Franklin  Institute. 

Whole  No.  Vol.  CVH. — (Third  Series,  Vol.  Ixxvii.)  1 


Freeland —  Tit-  Tat-  To  Machine.        [jour.  Frank,  inst.. 


movable  Jacquard  loom  card.  The  machine  herein  described  works 
upon  an  entirely  different  principle,  that  of  a  mechanical  table,  which 
contains  all  the  possible  variations  of  the  game. 


LOWER  PLAN. 
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The  game  of  tit-tat-to  is  played  by  two  persons.     A  double  cross 
is  drawn  upon  a  sheet  of  paper.     One  of  the  players  chooses  a  cross 
(X)  for  his  mark,  and  writes  it  in  one  of  the  spaces  1-9. 
-^     The  other  player  chooses  a  zero  (0),  and  writes  it  in  one 


of   the  remaining  spaces,   and  so  on  alternately.      The 
game  is  won  by  the  player  who  first  succeeds  in  getting 

three  of  his  marks  in  a  row.     If   the  spaces  are  all  filled  before 

either  player  gets  a  row,  the  game  is  drawn. 

The  following  is  an  exhaustive  analysis  of  the  game  of  tit-tat-to, 

for  a  machine   to  play  the    game,    under  the   conditions    that   the 
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machine  shall  always  play  the  best  move ;  and  that  when  the 
opponent,  during  the  first  three  moves  of  each  game,  wishes  to  play 
one  of  two  or  four  symmetrical  moves,  he  shall  take  the  one  having 
the  lowest  number. 

THE  OPPONENT  BEGINS. 
[These  games  will  be  found  upon  the  Surface  of  the  Cylinder,  lines  1 — 74  inclusive.] 

THE  MACHINE  BEGINS. 
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The  method  of  transforming  this  symbolic  table  into  a  mechanical 
one,  will  be  obtained  by  a  comparison  of  it  with  the  Surface  of  the 
Cylinder.^  beginning  at  line  75.  There  are  one  hundred  and  fifty 
lines  upon  the  cylinder.  The  omitted  ones  may  be  obtained  from  the 
latter  part  of  the  above  table.  Our  1st,  2d,  3d  and  4th  moves  in  any 
game  are  set  down  in  the  columns  T  I,  II,  III  and  W .  Each  col- 
umn contains  nine  vertical  lines.  The  figure  1  is  represented  by  a 
pin  upon  the  first  line ;  2,  by  a  pin  upon  the  second  line,  etc.  The 
machine's  answering  moves  are  set  down  in  the  column  U,  upon  the 
same  horizontal  line  as  ours.  Whenever  its  move  gives  it  three  in  a 
row,  another  pin  is  put  upon  the  line  UO.  The  row  of  pins  Ux 
afi'ords  a  hold  to  a  catch.  When  the  machine  begins,  its  first  move 
is  set  down  in  the  column  S. 

Description. — In  the  Lower  Plan,  the  cylinder  D  is  represented, 

its  surface  being  prepared  as  de- 


SECTION  S. 


scribed  above.  The  cord,  weight 
and  pulley  p,  give  it  a  tendency 
to  turn  toward  us.  In  front  of  it 
are  the  two  cross-beams  or  ways 
W  W.  On  them  the  carriage  / 
runs.  The  cord  P,  running  over 
a  pulley  to  a  weight,  gives  the 
carriage  a  tendency  to  move  to 
the  riijht.  The  carriage  has  a 
catch  0,  which  engages  with  four 
pins  set  in  a  groove  in  one  of  the 
ways.  Whenever  the  catch  G  is 
pushed,  the  carriage  I  moves  a 
space  to  the  right,  equal  to  one 
column  of  the  table.  The  wire  0 
is  to  draw  it  back  to  its  first  posi- 
tion. On  the  carriage  are  nine 
sliders,  T  1-0.  When  they  move 
forward,  they  engage  with  the 
pins  upon  the  cylinder.  T  1,  2 
and  5  have  the  pins  Z  1,2  and  5 
in  them,  which  project  below  the 
carriage. 
A  platform   is  secured  to  the  ways  at   the   left.     On  it  are  the 
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sliders  *S'  1,  2  and  5,  having  in  them  the  pins  ^  1,  2  and  5,  which 
project  below  the  platform.  Supported  on  a  bracket,  under  the 
platform,  are  the  flat,  horizontal  cams  1^  1,  2  and  5.  When  the 
carriage  is  in  its  first  position,  the  pins  ^  1,  2,  5  and  Zl,  2,  5  engage 
with  these  cams.  They  are  of  such  a  shape,  that  when  the  slider  T 
1,  2  or  5  moves  backward,  the  pin  Z  1,  2  or  5  rubs  over  the  pointed 
end  of  the  cam  Z  1,  2  or  5,  and  so  pushes  *S'  1,  2  or  5  forward. 

At  the  right  is  secured  to  the  ways  a  platform,  on  which  are  the 
sliders  Ux,  1-9,  0.     The  slider  Ux,  by  engaging  with   the   row   of 

UPPER  PLAN. 


pins  ?7x,  locks  the  cylinder.  TJ  1-9  discover  the  answering  move. 
Ua  determines  the  striking  of  the  bell.  These  sliders  are  set  at  a 
higher  level  than  the  others,  so  that  when  they  move  forward,  they 
impinge  upon  the  pins,  instead  of  going  under  them.  ^  is  a  hori- 
zontal lever,  pivoted  at  its  centre.  S  1,  2,  5  and  Ux  have  in  their 
ends  bent  wires,  ilf^and  iV,  so  that  when  »S'  1,  2  or  5  moves  forward, 
K  pulls  Ux  backward.     J  is  a  vertical  leaf,  pivoted  at  its  lower 
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corners,  and  connected  by  a  double  bell-crank  with  the  lever  H  1,  as 
shown  in  Section  S.  When  fi"  1  is  pushed  forward,  J  draws  out  the 
catch  ZJx  and  the  sliders  S  1,  2  and  5.  (r  is  a  vertical  leaf,  pivoted 
at  its  lower  corners.  When  it  moves  toward  the  cylinder,  it  releases 
the  carriage  by  striking  the  catch  C.  Gr  has  secured  to  it  an  arm 
with  a  pin  in  it,  as  shown  at  F",  Section  V. 


SECTION    T 


In  the  Upper  Plan,  is  shown  a  portion  of  the  board.  It  has  nine 
openings  in  it.  Under  them  move  the  arcs  A  1-0.  There  is  a  cross 
(X)  on  one  end  of  each,  and  a  zero  (0)  on  the  other.  These  arcs 
are  secured  to  the  vertical  leaves  L  1-1),  which  arc  pivoted  at  their 
upper  corners.  By  long  wire  teeth  they  gear  into  the  sliders  T  1-9 
in  such  a  way,  that  they  do  not  get  out  of  gear  when  the  carriage 
moves  to  the  right  or  left.     See  the  Elevation  and  Section  T. 

In  Section  U,  the  levers  JI 2  and  ab  are  represented.  They  are 
pivoted  on  each  side  of  the  platform  at  b,   and  firmly  united  by  a 
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cross-piece  under  the  platform.  On  the  lower  end  of  ah  is  fastened 
an  inclined  plate  V.  When  the  lever  H  2  moves  backward,  the 
plate  V  lifts  the  arm  of  G  by  the  pin  on  it,  and  so  releases  the 
carriage.  From  ah  to  H  2  at  the  point  a  runs  a  stout  wire.  On 
it  are  strung  the  vertical  levers  Xx,  1-9,  0.  Their  upper  ends  are 
held  back  against  the  plate  F,  which  serves  as  a  fulcrum,  by  the 
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T.iel. 

springs  as  shown.  Their  lower  ends  are  geared  into  the  sliders  Ux, 
1-9,  0.  When  H  2,  containing  the  point  a,  moves  forward,  the 
levers  Xx,  1-9,  0  move  forward,  their  upper  ends  being  their  ful- 
crums,  pushing  the  sliders  Ux,  1-9,  0  forward.  If  one  of  these 
impinges  on  a  pin,  it  stops,  and  becomes  the  fulcrum  of  the  X  belong- 
ing to  it.  Then  the  upper  end  of  that  X  goes  forward,  elongating 
the  spring.  The  slider  Ux  has  a  slot  at  its  point  of  gearing,  so  that 
■when  it  is  carried  forward  it  is  left  there.     When  the  upper  ends  of 
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X  1-9  move  forward,  they  strike  the  rods  R  1-9,  which  are  hooked 
to  the  vertical  leaves  B  1-9,  pivoted  at  their  lower  corners.  These 
are  connected  by  the  wire  links  E  1-9  with  the  arcs.  When  the 
upper  end  of  XO  goes  forward,  it  causes  a  bell  to  strike. 
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Operation. — The  machine  is  wound  up  by  setting  all  the  arcs  at 
their  middle  position,  so  that  neither  mark  appears;  then  push  ^1 
and  wind  up  the  cylinder  by  a  key  at  the  left ;  push  H  2  and  it  is 
locked;  and  lastly  draw  the  carriage  into  its  first  position. 

We  make  our  move  by  putting  an  instrument  like  an  awl  into  one 
of  the  holes  of  the  arcs,  and  so  moving  it  that  the  cross  appears. 
Suppose  we  move  2,  then  slider  T  2  goes  forward.  Release  the  cyl- 
inder from  the  catch  by  pushing  H  1.  The  cylinder  turns  until  the 
pin  at  T  I  2,  line  22,  strikes  the  slider.     On  pushing  JI  2  forward, 
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the  pin  at  U  5  will  stop  the  slider  U  5,  and  X  5  will  push  R  5  and 
B  5  forward.  Then  the  wire  E  5  from  ^  5  to  ^  5  will  so  move  the 
arc  that  the  zero  (0)  will  appear  at  the  opening  5.  At  the  same 
time  the  slider  Ux  will  move  forward  and  lock 
the  cylinder.  When  H2  comes  back,  the  car- 
riage will  move  into  position  II,  opposite  the 
column  T  II.  Suppose  we  then  move  1,  the 
cylinder  will  stop  at  line  23,  and  the  machine 
moves  3,  the  carriage  taking  position  III.  If 
we  now  move  7,  the  cylinder  will  stop  at  line 
24,  the  machine  moves  4,  and  the  carriage 
takes  position  IV.  If  we  move  6,  the  cylinder 
stops  at  line  25,  and  the  machine  moves  8.  [If 
we  had  moved  8  or  9,  the  cylinder  would  have 
stopped  at  line  26,  the  machine  would  have 
moved  6  and  won.  The  pin  on  UO  causing  the  bell  to  strike.]  Finally 
we  move  9,  and  the  game  is  drawn.  The  machine  is  then  wound  up. 
If  we  wish  the  machine  to  begin,  we  move  one  of  the  arcs  so  that 
the  zero  appears.  Suppose  that  we  so  move  1.  The  slider  2^  1  is 
moved  backward,  hence  *S'  1  is  pushed  forward  by  Y  1,  and  K  pulls 
the  catch  from  the  cylinder,  which  turns  until  the  pin  at  S  1,  line  75, 
strikes  the  slider  *S'  1.  Then  we  make  our  move,  suppose  it  to  be  2. 
On  touching  51,  the  cylinder  remains  at  line  75,  and  on  pushing  H  2, 
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the  machine    moves    5,    the    carriage    taking  ^ 

—  -position   II.     Now,  if  we  move  9,  the  cylinder  — 

—  stops  at  line  76,  and  the  machine  moves  7,  the  — 
carriage  taking  position  III.     If  we  then  move 

4,  the  cylinder  stops  at  line  77,  the  machine  ^ 

—  moves  3  and  wins,   the  bell   proclaiming  the  — 

—  fact ;   but,  if  we  move  3,  6  or  8,  the  cylinder  — 
stops  at  line  79,  the  machine  moves  4.     So  it 


wins  in  either  case. 

This  machine,  the  first  one  ever  constructed,  was  built  in  the 
summer  of  1878,  and  exhibited  at  the  Franklin  Institute,  October 
16,  1878.  It  is  now  at  the  University  of  Pennsylvania,  where,  since 
its  final  adjustment,  it  has  played  a  large  number  of  games  without 
losing  a  single  one. 

Philadelphia,  November  8th,  1878. 
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DOES  THE  WEARING  POWER  OF  STEEL  RAILS  INCREASE 
WITH  THE  HARDNESS  OF  THE  STEEL?* 


By  Chas.  B.  Dudley,  Ph.  D., 

Chemist,  Penns^'lvania  R.  R.  Co.,   Altooiia,   I'a. 


While  working,  during  the  summer  of  1877,  upon  the  "  Chemical 
Composition  and  Physical  Properties  of  Steel  Rails,"  the  results  of 
which  are  given  in  my  report  f  with  this  title,  I  was  struck  with  the 
surprising  wear  which  some  of  the  rails,  which  would  ordinarily  be 
called  soft  rails,  had  endured.  At  that  time  I  knew  of  no  chemical 
measure  of  softness  except  low  carbon,  and  I  found  that  a  number 
of  rails  with  low  carbon  had  endured  as  high  or  higher  tonnage,  with 
apparently  as  little  loss  of  metal  by  wear,  as  those  with  higher 
carbon.  My  own  work  on  steel  rails  that  summer  did  not  embrace 
any  definite  experiments  as  to  the  amount  of  metal  worn  off  the  rail 
per  million  tons  which  had  passed  over  it ;  and  so  I  could  get  no 
more  definite  answer  from  that  work,  to  the  question  at  the  head  of 
this  paper,  than  was  given  by  comparing  the  appearance  of  the  worn 
section  of  the  rail  with  its  tonnage.  This  comparison,  however, 
served  to  arouse  in  my  mind  the  query,  whether  the  commonly 
received  opinion  as  to  the  relation  between  the  hardness  and  wearing 
power  of  steel,  is  correct,  as  applied  to  steel  rails.  This  opinion,  if 
I  am  right,  is :  the  harder  the  steel,  the  better  will  be  the  wear,  and 
the  limit  of  hardness  is  simply  one  of  safety  ;  hard,  brittle  steel  being, 
of  course,  more  liable  to  break  than  soft,  tough  steel.  The  query, 
although  aroused,  did  not  bear  any  'immediate  fruit,  and,  as  will  be 
evident  to  any  one  reading  it,  the  report  above  referred  to  was 
written  with  the  commonly  received  opinion  in  mind.  Since  that 
time  I  have  collected  a  little  information  upon  this  subject,  which  I 
should  be  glad  to  submit  to  the  Institute,  if  for  no  other  purpose,  for 
the  sake  of  arousing  attention,  and  directing  study  to  the  question  of 
hardness  versus  wear  in  steel  rails. 

Before  making  known  the  information,  however,  permit  me  a  few 
words  in  reference  to  hardness.  How  shall  we  measure  the  hardness 
of  steel  ?     Of  the  various  ways  of  getting  indications  as  to  the  hard- 


*  A  paper  read  before  the  Institute  of  Mining  Engineers,  October  loth,  1878. 
\  See  vol.  cvi,  page  3G1. 
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ness  of  steel,  which  are  known,  three  will  serve  our  present  purpose. 
These  are  :  1st.  High  carbon.  It  is  generally  agreed,  I  think,  that 
at  least  within  proper  limits,  the  greater  the  amount  of  combined 
carbon  in  a  piece  of  steel,  the  harder  the  steel,  and  I  need  not  do 
more  than  mention  this  fact  to  obtain  your  assent  to  it.  2d.  The 
physical  test  of  punching,  measures  the  hardness  of  steel.  Data  in 
regard  to  the  wearing  power  of  hard  and  soft  rails,  determined  in 
this  way,  will  be  given  below.  3d.  The  sum  of  the  phosphorus  units 
in  a  piece  of  steel  measures  its  hardness.  Phosphorus  units,  as  is 
fully  described  in  my  report  above  referred  to,  are  an  attempt  to 
measure  the  hardness  of  steel  by  estimating  the  combined  hardening 
power  of  the  phosphorus,  silicon,  carbon  and  manganese  in  a  piece  of 
steel,  in  terms  of  the  phosphorus.  Now,  by  measuring  hardness  in 
these  three  ways,  I  have  been  able  to  collect  the  following  information 
with  regard  to  the  relation  between  the  hardness  and  wearing  power 
of  steel  rails. 

1.  Some  two  years  ago  the  Penna.  R.  R.  Co.,  in  view  'of  the 
unsatisfactory  wear  it  was  obtaining  from  its  steel  rails,  asked  to 
have  more  carbon  put  into  its  rails,  with  a  view  of  making  them 
harder,  to  resist  wear.  Before  the  increase,  the  limits  of  carbon  for 
rails  to  be  used  on  Penna.  R.  R.,  was  from  0-30  to  0-50  per  cent. 
After  the  increase,  the  limits  were  from  040  to  0-50  per  cent.,  thus 
securing  on  the  average  perhaps,  about  a  tenth  of  a  per  cent,  more 
carbon  in  the  steel.  Now,  Mr.  W.  H.  Brown,  Chief  Engineer,  Main- 
tenance of  Way,  Penna.  R.  R.,  informs  me  that  these  rails  of  higher 
carbon  are  giving  poorer  wear  than  before  the  lower  limit  of  carbon 
was  raised.  This  opinion  of  Mr.  Brown  is  based  on  his  observation 
of  the  wear  of  these  higher  carbon  rails,  and  on  the  number  of 
renewals  of  these  rails,  rendered  necessary  by  the  condition  of  the 
track. 

2.  Mr.  J.  T.  Smith,  General  Manager  of  the  Barrow  Hi^matite 
Steel  Works,  England,  read  a  paper  on  "Bessemer  Steel  Rails,"  before 
the  Institution  of  Civil  Engineers,  in  1875.*  The  object  of  the 
paper  was  to  show  that  Bessemer  steel  may  be  produced  constant  in 
quality,  and  that  certain  inexpensive  tests  may  be  applied,  which 
shall  determine  the  quality  of  the  metal  for  railway  purposes.  The 
test  proposed  by  Mr.  Smith  was  to  punch  the  fish-plate  holes  with  a 
registering-press,  the  quality  of  the  metal  being  judged  of  by  the 

*  Proceedings  Inst.  Civil  Eng.,  vol.  xlii,  p.  69. 
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force  required  to  punch  the  holes.  This  would  render  it  possible  to 
inspect  and  judge  of  the  quality  of  every  single  rail.  I  must  refer 
you  to  Mr.  Smith's  paper  for  further  information  upon  this  point. 

The  point  which  is  of  especial  interest  to  us  now  is  that  Mr. 
Smith  examined  thirty  rails  which  had  been  eight  years  in  service 
on  the  main  line  of  the  Furness  Railway.  The  rails  were  divided 
into  two  classes,  on  the  basis  of  the  force  required  to  punch  a  hole 
^  of  an  inch  in  diameter,  through  the  web  f  of  an  inch  thick. 
Twenty  of  the  rails  required  for  this  purpose  a  force  varying  from 
46|  tons  to  52|-  tons,  and  were  therefore  called  soft  rails;  while  the 
remaining  ten  rails  required  for  the  same  purpose  a  force  varying 
from  56^-  tons  to  82|-  tons,  and  were  therefore  called  hard  rails. 
The  average  force  required  to  punch  the  soft  rails  was  about  49  tons, 
while  for  the  hard  rails  this  average  force  was  about  64|  tons.  Mr. 
Smith  likewise  gives  the  determinations  of  the  carbon  in  these  rails. 
In  the  twenty  soft  rails  the  carbon  varied  from  0-28  to  0-32  per 
cent.,  or  an  average  of  0*30  per  cent.,  while  in  the  hard  rails  the 
carbon  varied  from  0-36  to  0-57  per  cent.,  with  an  average  of  0-44 
per  cent.  Now  as  to  the  wear  of  these  rails.  The  wear  seems  to 
have  been  determined  by  taking  the  diflference  between  the  original 
weight  of  the  rail  per  yard,  and  the  weight  per  yard  of  the  worn 
rail,  and  then  reducing  this  to  the  percentage  of  the  metal  worn  off. 
Now  in  the  twenty  soft  rails,  this  percentage  of  wear  varied  from 
10-38  to  16-24  per  cent.,  with  an  average  wear  of  13-54  per  cent., 
while  in  the  ten  hard  rails  the  percentage  of  wear  varied  from  12  to 
20-53  per  cent.,  with  an  average  of  15-18  per  cent.  These  figures 
seem  to  me  very  significant,  and  to  warrant  Mr.  Smith  in  the  con- 
clusion which  he  expresses,  viz. :  "  Contrary  to  what  might  have  been 
anticipated,  greater  hardness  has  not  conduced  to  the  longevity  of 
the  rails,  and  the  softer  ones  show  the  minimum  of  wear." 

3.  With  regard  to  the  wear  of  rails,  in  which  the  hardness  is 
measured  in  phosphorus  units.  On  May  23d,  1876,  Mr.  R.  Price 
Williams  read  a  paper  before  the  Institution  of  Civil  Engineers,  on 
"  The  Permanent  Way  of  Railways."  *  In  his  investigation  into  the 
subject  of  steel  rails,  Mr.  Williams  found  such  a  surprising  difference 
in  the  wear  of  certain  rails  which  were  side  by  side,  and  therefore 
subjected  to  the  same  traffic,  that  he  had  seven  of  these  rails  from 
the  Great  Northern  Railway  analyzed  by  Mr.  Edward   Riley.     The 

*  Proceedings  Inst.  Civil  Eng.,  vol.  xlvi,  p.  147. 
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results  as  to  wear  are  given  in  number  of  million  tons  tralBic  per  ^ 
inch  worn  off  the  rail.  Four  of  these  seven  rails,  measured  in  phos- 
phorus units,  sum  up  31,  30,  32  and  25,  and  may,  therefore,  be 
called,  in  comparison  with  the  others,  soft  rails.  The  remaining 
three  rails  sum  up,  in  phosphorus  units,  38,  40  and  47,  and  may  be 
called  hard  rails.  The  rails  are  numbered,  in  Mr.  Williams'  series, 
Nos.  9,  17,  18,  21,  22,  23  and  24.  Nos.  17  and  18  Avere  side  by 
side,  and  subjected  to  the  same  traffic.  The  phosphorus  units  in  No. 
17  are  38,  and  in  No.  18,  30,  one  hard  and  one  soft,  as  is  seen.  The 
hard  rail  withstood  5,251,000  tons  per  -^^  inch  wear,  while  the  soft 
one  withstood  8,402,000  tons  per  -^  inch  wear.  Again,  Nos.  23 
and  24  were  side  by  side.  The  phosphorus  units  in  No.  23  were  47, 
and  in  No.  24,  25,  one  hard  and  one  soft,  as  before.  The  hard  rail 
withstood  15,531,000  tons  per  jL.  inch  wear,  while  the  soft  rail  with- 
stood 31,061,000  tons  per  y^g-  inch  wear.  In  Nos.  21  and  22,  which 
were  side  by  side,  the  hard  rail  shows  a  little  the  best  wear,  the 
figures  being  9,283,000  tons  per  -^  inch  wear,  for  the  hard  rail,  and 
7,676,000  tons  per  -^  inch  wear  for  the  soft  rail.  If  now  we  take 
the  average  of  the  tonnage  per  ^  inch  wear  for  the  three  hard  rails 
and  the  four  soft  ones,  the  result  becomes  quite  striking.  The  four 
soft  rails  withstood  an  average  tonnage  of  15,567,000  tons  per  -^ 
inch  wear,  while  the  three  hard  rails  withstood,  on  the  average,  only 
10,055,000  tons  per  -^  inch  of  the  metal  worn  off.  The  chemical 
composition  of  the  one  rail  of  this  series,  which  withstood  the  highest 
tonnage,  viz.,  31,061,000  tons  per  -^  inch  wear,  is  so  remarkable 
that  I  cannot  forbear  quoting  the  full  analysis.  This  rail  sums  up 
25  in  phosphorus  units,  and  contains :  carbon,  0-270  per  cent, ; 
phosphorus,  0-100  per  cent. ;  silicon,  0*020  per  cent. ;  manganese, 
0-259  per  cent.;  sulphur,  0-051  per  cent.;  copper,  0-025  per  cent.; 
and  iron,  99-475  per  cent. 

If  enough  has  been  said  upon  this  subject  to  direct  attention  to  it, 
my  object  will  have  been  accomplished.  It  is  perhaps  too  soon  to 
venture  conclusions.  The  indications  would  seem  to  be,  however, 
that  under  the  conditions  of  wear  to  which  a  steel  rail  is  subjected, 
viz.,  rolling  friction,  unlubricated  surfaces,  and  great  weight  with 
small  bearing  surface,  the  quality  of  the  metal  necessary  to  most 
successfully  withstand  the  disintegrating  forces,  is  best  expressed  by 
the  word  toughness,  and  not  by  hardness. 

Altoona,  Pa.,  Oct.  V2th,  1878. 
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WATER-TUBE  AND  FIRE-TUBE  BOILERS. 


An  Account  of  the  Experiments  made  by  Chief  Engineers  Loring  and  Baker,  U.  S.  Navy, 
on  a  Horizontal  Fire-Tube  and  a  Vertical  Water-Tube  Boiler,  at  the  Washington  Navy 
Yard,  to  ascertain  their  relative  Economic  Vapor izationx  ivith  different  kinds  of  Coal. 


By  Chief  Engineer  Isherwood,  U.  S.  Navy. 

At  the  time  the  compound  engine  was  introduced  into  the  Navy  of 
the  United  States,  several  modifications  were  attempted  of  the  ordi- 
nary cylindrical  boiler  habitually  employed  with  it.  These  modifica- 
tions were  made  for  the  purpose  of  obtaining  either  better  economic 
vaporizations,  or  of  placing  the  grate  and  heating  surfaces  in  a  less 
breadth  of  shell ;  and  anaong  them  was  an  arrangement,  in  a  cylin- 
drical shell,  of  vertical  water-tubes  immediately  over  the  furnaces,  in 
exactly  the  position  occupied  by  the  horizontal  fire-tubes  of  the 
ordinary  boiler. 

This  system  of  vertical  water-tubes  which  had  been  introduced 
with  rectangular  shells  into  the  steamers  of  the  United  States  Navy 
some  eight  years  before  the  writer  became  Chief  of  the  Bureau  of 
Steam  Engineering  in  the  Navy  Department,  was  continued  by  him 
after  careful  experiments  had  proven  that,  with  such  proportions  as 
were  practicable  for  marine  boilers,  the  vertical  water-tube  gave  the 
best  economic  vaporization ;  in  other  words,  a  pound  of  coal  burned 
in  the  vertical  water-tube  boiler  vaporized  more  pounds  of  water  than 
when  burned  at  the  same  rate  in  a  horizontal  fire-tube  boiler  having 
the  same  proportions. 

The  vertical  water-tube  boiler  which  was  originally  invented  by  the 
Earl  of  Dundonald,  had  been  perfected  in  its  constructive  details  by 
Chief  Engineer  Daniel  B.  Martin,  of  the  United  States  Navy,  and 
was  known  in  America  as  the  "Martin  Boiler."  It  was,  with  the 
exception  of  a  few  merchant  steamers,  used  exclusively  in  the  Navy, 
where  it  always  gave  the  greatest  satisfaction ;  but  in  Great  Britain 
it  never  obtained  the  like  success.  The  large  steam-engine  building 
firms,  both  there  and  in  America,  opposed  its  use,  though  certainly 
without  regard  to  its  engineering  merits.  These  firms  take  contracts 
for  a  round  sum  to  produce  either  a  stipulated  horse-power,  or  a 
stipulated  speed  of  vessel  over  a  measured   mile,  independent  of  the 
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weight  of  coal  consumed;  and  as  the  vertical  water-tube  boiler  is 
much  heavier,  more  bulky  and  more  costly  for  equal  maximum  weights 
of  steam  supplied  per  hour,  and  as  they  pay  for  the  construction  of  the 
boiler,  and  not  for  the  coal  it  consumes,  they  naturally  prefer  the 
cheapest  type. 

The  vertical  water-tube  boiler  obtains  a  greater  economic  result 
from  the  coal,  solely  by  virtue  of  the  superior  arrangement  of  its 
tubes  for  heat  absorption ;  the  furnace  and  smoke-connections  being 
the  same  as  in  the  ordinary  type,  and  the  position  of  the  tubes  rela- 
tively to  them  being  also  the  same,  whatever  difference  may  be  found 
in  the  economic  result,  must  be  entirely  due  to  the  tubes.  In  other 
words,  of  a  given  quantity  of  heat  of  given  intensity  thrown  upon 
equal  tube-surface  in  the  two  types  of  boiler  in  equal  time,  the  ver- 
tical water-tubes  will  absorb  more  than  the  horizontal  fire-tubes ; 
and,  as  a  necessary  consequence,  the  gases  of  combustion  will  enter 
the  chimney  at  a  lower  temperature  and  produce  a  less  draught.  One 
reason  why  the  vertical  water-tubes  are  more  absorbent  of  heat  than 
the  horizontal  fire- tubes,  is  that  the  former  stands  across  or  at  right 
angles  to  the  current  of  the  gases  of  combustion,  thereby  continually 
breaking  it  up  and  commingling  its  constituents,  each  row  of  tubes 
being  as  a  consequence  impinged  on  by  freshly  mixed  gases  as  they 
proceed  from  the  back  smoke-connection  to  the  uptake ;  while  the 
horizontal  fire-tubes,  lying  in  the  direction  of  this  current,  have  no  such 
mechanical  action  upon  it,  the  particles  of  the  hot  gases  entering  at 
the  smoke-connection  end  of  a  horizontal  fire-tube  retain  their  rela- 
tive positions  until  they  emerge  from  its  uptake  end,  so  that  the  same 
particles  are  in  contact  with  the  tube-surface  from  one  end  to  the 
other  during  the  second  or  two  of  their  passage.  Thus,  the  core,  or 
central  mass  of  the  gases  in  each  tube,  may  have  at  its  exit  a  much 
higher  temperature  than  its  surrounding  film  in  contact  with  the  tube- 
surface  ;  while,  in  the  vertical  water-tube  boiler,  the  mass  of  hori- 
zontally moving  gases  emerging  into  the  uptake  must  have  a  nearly 
uniform  temperature  due  to  their  thorough  mixture  by  beating  against 
and  eddying  around  the  vertical  tubes  which  obstruct  their  progress. 
It  is  highly  probable,  too,  that  the  intimate  intermingling  of  the 
gaseous  current  from  the  furnaces,  effected  by  this  mechanical  action 
of  the  vertical  water-tubes,  causes  the  combustion  of  a  portion  of  its 
constituents  which  might  otherwise  escape  combination.  Of  course, 
the  obstruction  opposed  by  the  vertical  water-tubes  to  the  current  of 


16  Isherwood Boilers.  [Jour.  Frank.  Inst., 

the  gases  of  combustion,  mechanically  lessens  the  draught  of  the 
chimney  in  addition  to  the  lessening  that  results  from  the  lower  tem- 
perature of  those  gases  comparatively  with  that  of  the  gases  entering 
the  chimney  from  the  horizontal  fire-tube  boiler ;  so  that  the  vertical 
water-tube  boiler  has  a  less  draugrht  than  the  horizontal  fire-tube 
boiler,  both  by  the  amounts  due  to  the  lessened  temperature  of  the 
current  of  gases  of  combustion  entering  the  chimney  and  due  to  the 
mechanical  obstruction  opposed  to  that  current  by  the  tubes  as  a 
consequence  of  their  position.  Hence,  other  things  equal,  the  maxi- 
mum rate  of  combustion  in  a  vertical  water-tube  boiler  is  less  than 
in  a  horizontal  fire-tube  boiler,  and  a  greater  quantity  of  the  former 
is  required  to  supply  at  the  maximum  the  same  quantity  of  steam  in 
equal  time  as  the  latter,  notwithstanding  the  greater  vaporization 
per  pound  of  coal  consumed  in  the  former.  The  greater  economic 
efficiency  of  the  vertical  water-tube  boiler  and  its  less  potential  effi- 
ciency, are  thus  inseparably  joined  as  cause  and  effect  when  the 
draught  is  controlled  by  the  chimney  alone ;  but  when  mechanical 
means  are  employed  to  produce  the  draught,  as  a  fan-blower  for 
example,  then,  both  in  economic  and  potential  efficiency  is  the  ver- 
tical water-tube  boiler  superior  to  its  rival. 

In  general,  as  the  result  of  his  very  extended  and  carefully  con- 
ducted experiments,  the  writer  found  that,  other  things  equal,  the 
rate  of  combustion  at  the  maximum  b}'^  the  chimney  alone  in  the  case 
of  the  horizontal  fire-tube  boiler,  was  50  per  centum  greater  than  in 
the  case  of  the  vertical  water-tube  boiler ;  but,  that  the  economic 
vaporization  at  those  relative  rates  was  25  per  centum  less  than  in 
the  latter.  Hence,  for  equal  quantities  of  boiler,  the  horizontal  fire- 
tube  produced  in  equal  time,  at  the  maximum  25  per  centum,  more 
steam  than  the  vertical  water-tube,  but  at  an  expense  of  25  per 
centum  more  coal  per  pound  weight  of  steam.  In  this  fact  will  be 
found  the  principal  reason  of  the  little  use  by  contractors  for  steam 
machinery  of  the  vertical  water-tube  boiler ;  and  their  practice  may, 
in  measure,  be  defended  for  steamers  making  short  voyages,  but  just 
in  proportion  as  the  voyages  lengthen  does  that  practice  cease  to  be 
judicious.  The  engineer  has  to  look  upon  the  boiler  and  the  coal  to 
be  carried  as  a  whole,  with  a  proportion  between  them  variable 
according  to  circumstances.  He  has  to  consider  that  a  certain  space 
and  displacement  are  allotted  in  the  vessel  to  the  two  combined,  and 
it  is  a  test  of  his  skill  to  so  proportion  them  to  each  other,  for  the 
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different  types,  as  to  obtain  from  them  the  greatest  number  of  miles 
steaming.  The  greater  the  economic  efficiency  of  a  certain  type  of 
boiler,  though  accompanied  by  a  less  potential  efficiency,  the  more  of 
it  and  the  less  of  coal  can  be  properly  placed  in  the  vessel  to  steam 
a  given  distance  at  a  given  speed ;  and  the  less  the  economic  effi- 
ciency of  a  certain  type  of  boiler,  though  accompanied  by  a  greater 
potential  efficiency,  the  less  of  it  and  the  more  of  coal  can  be 
properly  placed  in  the  vessel  to  steam  the  given  distance  at  the 
given  speed.  The  best  type  of  boiler  to  be  adopted,  is  the  one  which 
enables  the  vessel,  with  a  given  space  and  displacement  assigned  to 
boiler  and  coal,  to  make  the  given  distance  at  the  given  speed,  with 
the  least  coal.  Hence,  for  naval  steamers  making  long  voyages,  the 
vertical  water-tube  boiler  gives  better  results  than  the  horizontal  fire- 
tube  boiler,  and  better  just  in  proportion  to  the  number  of  days  the 
vessel  is  required  to  be  able  to  steam  at  the  given  maximum  speed. 
Such  were  the  considerations  which  led  the  writer  to  prefer  the  ver- 
tical water-tube  boiler  to  the  horizontal  fire-tube  boiler  for  the 
steamers  of  the  United  States  Navy,  and  he  believes  their  soundness 
will  bear  the  closest  scrutiny.  The  boilers  he  designed  had  rectangu- 
lar shells,  and  were  braced  for  a  working  pressure  of  40  pounds  per 
square  inch,  above  the  atmosphere ;  they  allowed  about  50  per  centum 
more  grate  and  heating  surfaces  to  be  placed  in  a  given  space  than 
the  cylindrical  boilers  carrying  a  pressure  of  70  pounds ;  and  it  is 
very  doubtful  if  any  economic  gain  possible  from  the  latter  pressure 
can  compensate  the  enormous  increase  of  space  required,  especially 
when  the  value  of  space  in  a  naval  vessel  is  considered. 

Compared  with  the  horizontal  fire-tube  boiler,  the  vertical  water- 
tube  boiler,  when  steaming  at  the  maximum  over  a  given  distance 
in  a  given  time,  is  25  per  centum  heavier,  more  bulky  and  costly ; 
but  it  requires  25  per  centum  less  weight  of  coal  carried  in  the 
bunker.  In  weight  and  bulk,  this  less  weight  of  coal  offsets  in 
measure  the  greater  weight  and  bulk  of  the  boiler,  and  if  the  time 
of  steaming  extends  to  eight  or  ten  days,  much  more  than  offsets 
them,  while  the  much  greater  cost  during  a  year's  steaming  of  the 
25  per  centum  additional  coal  with  the  horizontal  fire-tube  boiler, 
more  than  offsets  the  difference  of  cost  between  it  and  the  vertical 
water-tube  boiler. 

The  circulation  of  the  water  and  the  extrication  of  the  steam  over 
the  entire  tube-surface,  are  much  more  rapid  with  the  vertical  water- 
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tube  than  with  the  horizontal  fire-tube  boiler  ;  and,  from  these  causes, 
the  unit  of  surface  in  the  former  is  much  more  efiicient  as  a  steam- 
producer,  than  the  unit  of  surface  in  the  latter. 

All  the  water  vaporized  by  the  vertical  water-tubes,  is  supplied  to 
them  from  the  space  between  the  crown  of  the  furnace  and  the  lower 
tube-plate,  and,  in  ascending,  is  not  obstructed  by  any  mechanical 
impediments,  but,  being  guided  by  the  vertical  tubes  themselves, 
takes  the  shortest  path,  and  rises  with  the  maximum  velocity  due  to 
the  conditions  of  temperature  and  height  of  column,  passing  with 
this  velocity  over  the  entire  surface  of  the  tubes.  Hence,  in  a  given 
time,  the  greatest  possible  number  of  particles  of  water  would  be 
brought  in  contact  with  a  given  tube-surface,  and  the  bubbles  of 
steam  formed  on  that  surface  would  be  swept  off  by  that  rapid  cir- 
culation, with  corresponding  speed.  These  advantages  accrue  to  the 
vertical  water-tube  by  reason  of  the  parallelism  of  the  tube  with  the 
ascending  column  of  water,  and  by  reason  of  the  tube  protecting 
the  entire  ascending  mass  of  water  from  being  broken  in  upon  by 
lateral  currents. 

But  with  the  horizontal  fire-tubes,  these  conditions  are  all  reversed. 
Those  tubes,  lying  at  right  angles  to  the  ascending  current  of  water, 
act  as  mechanical  obstructions,  and  consequently  impede  its  velocity  ; 
beside  which,  the  water  vaporized  by  the  horizontal  tubes  is  supplied 
to  them,  not  only  vertically  from  the  water  space  between  the  lower 
row  of  tubes  and  the  crown  of  the  furnaces,  but  horizontally  from 
the  water  spaces  at  the  sides  of  each  group  of  horizontal  fire-tubes, 
and  cominor  in  between  the  rows  as  cross-currents  to  the  ascending 
mass,  break  in  upon  and  lessen  its  vertical  velocity.  Neither  the 
vertical  nor  the  horizontal  cross-currents  can  pass  with  maximum 
velocity  over  the  entire  surface  of  the  horizontal  tubes,  because  that 
surface  being  convex  in  opposition  to  these  currents,  can  have  only  a 
line  swept  tangentially  by  them  Avith  the  maximum  velocity,  which, 
existing  only  in  the  least  water  spaces  between  the  tubes,  is  able  to 
sweep  only  a  line  of  their  surfaces  vertically  and  horizontally. 
There  must  be,  therefore,  in  a  given  time,  fewer  molecules  of  water 
brought  into  contact  with  a  given  tube-surface  in  the  case  of  the 
horizontal  fire-tube,  than  in  that  of  the  vertical  water-tube. 

With  the  vertical  water-tube  boiler,  brass  tubes  are  indispensable, 
as  iron  ones  last  only  from  one  to  two  years,  owing  to  the  rapid  cor- 
rosion of  their  lower  ends.     The  lower  one-fourth  of  an  iron  vertical 
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water-tube  will  be  corroded  entirely  through,  while  the  upper  three- 
fourths  will  be  unaflfected,  but  brass  tubes  will  much  outlast  the 
boiler.  The  corrosion  of  the  iron  tubes  is  nearly  as  rapid  with  jet 
condensers  as  with  surface  condensers,  as  it  takes  place  almost 
entirely  on  the  outside,  being  due  to  the  sulphuric  acid  formed  by 
the  union  of  the  sulphurous  gases  from  the  coal,  with  the  moisture 
deposited  on  the  tubes  during  each  interval  of  steaming.  This  weak 
sulphuric  acid  trickles  down  the  tubes,  and  remains  around  their 
lower  ends,  where  there  is  also,  generally,  most  soot.  When,  as 
sometimes  in  land  boilers,  the  steaming  is  continuous  the  year  around, 
with  only  occasional  interruptions  for  cleaning,  the  iron  vertical 
water-tube  is  as  durable  as  the  iron  horizontal  fire-tube,  but  it  should 
never  be  employed  with  marine  boilers. 

The  sweeping  and  replacing  of  vertical  water-tubes  are  a  little 
more  difficult  than  in  the  case  of  horizontal  fire-tubes ;  but  they  are 
far  easier  to  be  cleaned  of  scale,  which  can  be  entirely  removed  from 
the  interior  of  water-tubes,  but  only  partially  from  the  exterior  of 
fire-tubes ;  and  the  former  have  the  advantage  that  the  water  level 
can  be  allowed  to  fall  fifteen  inches  below  their  upper  tube-plate, 
without  injury  from  heat. 

The  vertical  water-tubes  require  for  their  extraction  and  replace- 
ment, a  height  between  their  upper  tube-plate  and  the  boiler  shell 
equal  to  their  length.  This  condition  cannot  be  had  in  a  cylindrical 
shell,  but  if  brass  tubes  are  properly  put  in  and  well  cared  for,  there 
will  be  no  occasion  to  replace  one  during  the  life  of  the  boiler.  In 
the  original  construction  of  the  boiler,  the  tube-box  can  be  made 
complete,  independently,  with  the  tubes  secured  in  their  plates,  and 
the  whole  then  riveted  into  place. 

In  the  case  of  a  horizontal  fire-tube  and  of  a  vertical  water-tube 
boiler  difi'ering  only  in  the  tubes,  all  the  other  portions  being  the 
same,  and  the  total  grate  and  heating  surface  in  the  one  being 
the  same  as  the  total  grate  and  heating  surface  in  the  other;  the 
weight  of  the  former  will  be  a  little  less  than  the  weight  of  the 
latter  in  metal  alone,  exclusive  of  the  water  contained,  but  if 
the  water  be  included,  then  the  weights  of  both  boilers  will  be  about 
equal. 

A  modification  of  the  ordinary  cylindrical  boiler,  with  horizontal 
fire-tubes  returned  above  the  furnaces,  called  the  •'  oval  boiler,"  has 
been  found  convenient  in  practice  as  enabling  the  grate  and  heating 
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surfaces  to  be  placed  in  a  less  frontage.  This  so-called  oval  boiler 
has  a  semi-circular  top  and  bottom  of  equal  diameter,  connected 
by  flat  vertical  sides,  making  the  height  of  the  boiler  greater  than 
its  breadth  by  the  height  of  these  sides  which  are,  of  course,  tied 
across  by  braces.  Such  a  shell  is  particularly  well  adapted  for  ver- 
tical water-tubes,  the  height  of  the  flat  vertical  sides  being  made  the 
same  as  the  height  of  the  tubes,  the  tube-boxes  being  placed  directly 
between  these  sides,  and  braced  to  them. 

Experimental  Boilers. 

To  test  the  mechanical  feasibility,  and  the  economic  vaporization 
of  such  an  arrangement  of  vertical  water-tubes  as  could  be  placed  in 
a  cylindrical  shell,  comparatively  with  the  economic  vaporization  by 
horizontal  fire-tubes  placed  in  a  duplicate  shell,  the  Bureau  of  Steam 
Engineering  of  the  Navy  Department,  constructed  at  the  Washington 
Navy  Yard,  two  high-pressure  boilers  of  the  marine  type,  for  com- 
pound engines.  The  shells  of  these  boilers  were  cylindrical,  10  feet 
in  diameter,  and  9  feet  in  length,  exclusive  of  their  sheet  iron 
uptakes.  Each  shell  contained  two  cylindrical  furnaces  3  feet  in 
diameter,  with  grates  6  feet  in  length.  The  two  boilers  were  dupli- 
cates in  all  respects  except  tubes,  those  in  the  one  being  horizontal 
fire-tubes,  and  those  in  the  other  being  vertical  water-tubes ;  but,  in 
both  cases,  the  tubes  occupied  the  same  position,  immediately  above 
the  furnaces.  The  heating  surface  of  the  tubes  has  been  calculated 
for  their  inner  circumference  in  both  cases,  and  with  this  method  of 
calculation  the  total  heating  surface  of  the  horizontal  fire-tube  boiler 
is  1019  square  feet,  or  28-30  square  feet  to  one  square  foot  of  grate 
surface  ;  while,  in  the  vertical  fire-tube  boiler,  the  total  heating  sur- 
face is  1104  square  feet,  or  30-67  square  feet  to  one  square  foot  of 
grate  surface.  In  quantity  of  heating  surface,  therefore,  the 
vertical  water-tube  boiler  exceeded  the  horizontal  fire-tube  boiler 

,1104  —  1019x100      \      „^  ^  ,^,     , 

[ ToTq ^^)  P^^  centum,  or  about  one-tweltth  ;  but 

that  this  additional  quantity  had  but  very  little  influence  on  the 
economic  vaporization,  will  be  apparent  when  the  rate  of  combustion 
(only  14-2  pounds  per  square  foot  of  grate  surface  per  hour,  at  the 
maximum)  is  considered,  and  the  large  proportion  of  heating  to 
grate  surface  (28-30  to  1-00)  existing  with  the  boiler  having  the  least 
heating  surface.     The  cross  area  over  the  bridge-walls  for  draught, 
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Fig.  1. 


is  the  same  in  both  boilers,  namely  5*55  square  feet,  -which  is  one 
square  foot  to  each  6-40  square  feet  of  grate  surface.  This  propor- 
tion is  the  same  through  the  tubes  of  the  vertical  water-tube  boiler, 
but  is  much  greater  through  the  tubes  of  the  horizontal  fire-tube 
boiler,  where  it  is  one  square  foot  of  cross  area  to  each  4'97  square 
feet  of  grate  surface.  This  diflference,  in  view  of  the  fact  that  the 
cross  area  for  draught  over  the  bridge-walls  is  less  than  through  the 
tubes,  has  no  effect  on  the  economic  vaporization.  The  steam  room 
in  both  boilers  is  of  very  nearly  the  same  height  and  capacity. 

The  following  is  a  detailed  description  of  each  boiler,  together 
with  its  dimensions  and  proportions : 

THE    VERTICAL   WATER-TUBE    BOILER. 

The  shell  of  the  vertical  water-tube  boiler  is  a  cylinder  with  flat 
ends  at  right  angles  to  its  axis.  This  cylinder  is  10  feet  in  diameter 
and  9  feet  in  length,  externally  ; 
the  uptake,  which  is  of  sheet-iron 
bolted  to  the  front  end  of  the 
cylinder,  projects  beyond  this 
length.  The  plates  of  the  shell 
are  -^  of  an  inch  thick  and 
double  riveted.  The  flat  ends 
of  the  shell  above  the  tube-boxes 
are  stayed  directly  across  with 
iron  rods  If  inches  in  diameter 
and  10  inches  between  axes, 
attached  to  double  angle  iron 
riveted  vertically  to  the  ends. 
All  other  flat  ends  are  stayed 
with  socket-bolts  1^  inches  in 
centres. 

There  are  two  furnaces  contained  in  horizontal  cylinders  of  3  feet 
internal  diameter  and  7  feet  3  inches  extreme  length.  The  axes  of 
these  cylinders  are  in  the  same  horizontal  plane  and  42  inches  apart. 
The  cylinders  are  composed  of  iron  plates,  ^  inch  thick,  butted,  and 
double  riveted  to  inner  welts  below  the  grate-bars ;  they  are  single 
riveted  to  the  boiler  shell,  and  are  in  two  lengths,  flanged  where  the 
lengths  meet  at  the  centre  and  single  riveted  thereby.  The  grates 
within  these  cylinders  are  6  feet  in  extreme  length,  composed  of  cast- 
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iron  in  two  lengths  of  3  feet  each.  The  bridge-wall  is  cast-iron 
faced  with  fire-brick,  and  is  6  inches  high  above  the  level  of  the 
grates.  The  top  of  the  grates  is  18  inches  below  the  crown  of  the 
furnace  at  the  front,  and  21  inches  below  it  at  the  back. 

Each  furnace  has  a  separate  back  connection  15  inches  long  length- 
wise the  boiler,  with  its  top  rounded  on  a  quadrantal  arc  of  13  inches 
radius.  Its  back  is  flat  and  separated  from  the  back  end  of  the  boiler 
shell  by  a  flat  water-space  6  inches  wide,  including  thicknesses  of 
metal.  The  bottom  of  the  connection  is  a  horizontal  extension  of 
the  bottom  of  the  cylinder  containing  the  furnace,  and  the  sides  are 
flat.  The  inner  side  is  vertical  and  rises  from  the  horizontal  diam- 
eter of  the  furnace.  The  outer  side,  at  top,  is  a  horizontal  extension 
of  the  vertical  side  of  the  tube-box,  from  the  lower  edge  of  which  it 

slopes  inwards  on  a  tangent  to  the 
cylinder  containing  the  furnace. 
The  cast-iron  bridge-wall  of  the 
furnace  is  extended  clear  across  the 
connection,  so  as  to  occupy  the 
whole  of  the  lower  portion. 

Here  are  two  horizontal  tube- 
boxes,  one  to  each  furnace,  and 
they  are  returned  directly  above 
the  furnaces  from  the  back  con- 
nections to  the  uptake.  These 
boxes  are  rectangular,  23}  inches 
high  and  47  inches  wide  in  the 
clear,  with  an  extreme  length  of  7 
feet  3  inches.  They  are  composed 
of  I  inch  thick  iron  plates,  flanged  and  single  riveted.  Their  tops 
and  bottoms  are  the  upper  and  lower  tube-plates,  and  their  sides  are 
stayed  to  each  other  and  to  the  boiler  shell  by  socket-bolts.  The 
space  in  the  clear  between  the  top  of  the  cylinders  containing  the 
furnaces  and   the  bottom  of  the  tube-boxes  is  8  J  inches. 

Each  tube-box  contains  four  hundred  and  fifty  vertical  water-tubes 
of  seamless  brass  ^jj  of  an  inch  thick,  expanded  on  one  side  and 
riveted  over  on  the||other  side  of  their  tube-plates.  These  tubes  are  2 
inches  in  external  diameter  and  23J  inches  high  in  the  clear  between 
their  tube-plates.  They  are  arranged  in  fifteen  rows  crosswise  the 
boiler,  and  thirty  rows  lengthwise   the   boiler ;  their  axes   being  in 
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straight  lines,  or  not  staggered.  The  distance  between  the  axes  of 
the  tubes  crosswise  the  boiler  is  3  inches,  and  lengthwise  the  boiler 
2f  inches. 

Both  tube-boxes  discharge  into  one  uptake  which,  at  the  top,  de- 
livers the  gases  of  combustion  into  a  horizontal  sheet-iron  flue  con- 
necting the  uptake  of  the  vertical  water-tube  boiler  with  that  of  the 
horizontal  fire-tube  boiler,  and  from  the  centre  of  this  flue  the 
chimney,  common  to  both  boilers,  rises.  The  uptake  has  the  usual 
doors  for  access  to  the  tubes  for  sweeping,  etc. ;  and  the  furnace- 
doors  were  thoroughly  perforated  for  the  admission  of  air  above  the 
incandescent  fuel  on  the  grates. 

The  following  are  the  principal  dimensions  and  proportions  of  the 
vertical  water-tube  boiler : 

Diameter  of  the  shell,    .... 

Length  of  the  shell,  exclusive  of  the  uptake, 

Number  of  furnaces. 

Breadth  of  furnaces. 

Length  of  grates,  . 

Total  area  of  grate  surface. 

Total  number  of  tubes,  . 

External  diameter  of  tubes, 

Internal  diameter  of  tubes, 

Length  of  tubes  in  clear  of  tube-plates. 

Total  cross  area  for  drauorht  above  the  bridge-walls 

Total  cross  area  for  draught  through  the  tubes. 

Cross  area,  of  the  chimney,    .... 

Diameter  of  the  chimney,       .... 

Height  of  the  chimney  above  the  level  of  the  grate 

bars,  .   •      . 

Heating  surface  in  the  two  furnaces. 
Heating  surface  in  the  two  back  connections 
Heating  surface  in  the  two  tube-boxes,   . 
Heating  surface  in  the  900  tubes,  measured  on  their 

inner  circumference,   .... 
Heating  surface  in  the  one  uptake, 
Total  water  heating  surface  in  the  boiler, 
Square  feet  of  water  heating  surface  per  square  foot 

of  grate-surface. 
Square  feet  of  grate-surface  per  square  foot  of  cross 

area  above  bridge-walls. 
Square  feet  of  grate-surface  per  square  foot  of  cross 

area  through  tubes,     . 
Square  feet  of  grate-surface  per  square  foot  of  cross 

area  of  chimney, 


10  ft. 

9  ft. 

2. 

s'ft. 

6  ft. 

36  sq.  ft. 
900. 

2  in. 

1-80  in. 

23-50  in. 

555  sq. 
5-55  sq. 

ft. 
ft. 

12-57  sq. 

ft. 

4  ft. 

60  ft. 

69-03  sq. 

ft. 

68-00  sq. 

ft. 

131-10  sq. 

ft. 

830-55  sq. 

ft. 

5-32  sq. 
1,104-00  sq. 

ft. 
ft. 

30-67. 
6-49. 
6-49. 

2-87. 
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Water  room  to  6  inches  above  tubes,       .         .         .       310  cu.  ft. 

Steam  room  from  6  inches  above  tubes,  .         .         .       153  cu.  ft. 

Greatest  height  of  steam  room,       ....  2'7o  ft. 

Weight  of  boiler,  exclusive  of  uptake,  chimney,  up- 
take doors,  furnace  doors  and  frames,  water,  grate- 
bars,  bridge-walls,  etc.,  but  inclusive  of  manhole 
and  handhole  plates, 30,605  pounds. 

Weight  of  uptake,  uptake  doors  and  furnace  doors,  .    1,100  pounds. 

Weight  of  grate-bars  and  bearers,  ....    1,892  pounds. 

Weight  of  cast  iron  bridge-walls  and   their  brick 

facing, 810  pounds. 

Weight  of  non-radiating  cement  covering  for  boiler,    6,000  pounds. 

Weight  of  water  in  boiler,      .....  19,323  pounds. 

Total  weight  of  boiler,  exclusive  of  chimney,  ready 

for  service,         .......  59,730  pounds. 

(To  be  continued.) 


ON    THE    DEVELOPMENT    OF    THE    CHEMICAL    ARTS, 
DURING   THE   LAST   TEN  YEARS.* 


B  y  D  R.  A.  W.  Hofmann. 

From  the  Chemical  Newt. 
[Concluded  from  Vol.  Ixxvi,  page  240.] 

The  endeavors  to  produce  matches  entirely  free  from  phosphorus, 
have  continued  without  interruption  since  the  investigation  of  Wieder- 
hold,t  which  are  of  permanent  value,  and  must  be  regarded  as  the 
basis  of  all  subsequent  enterprise  in  this  direction.  In  the  opinion 
of  many,  they  have  not  yet  been  so  far  improved  as  to  be  on  an 
equality  with  phosphorus  matches.  They  are  still  too  hard  to  strike,' 
diffuse  an  unpleasant  odor,  and  have  no  advantage  in  cheapness. 
The  non-phosphoric  matches,  however,  recently  produced  on  the  large 
scale  by  G.  Kalliwoda,;{:  are  said  to  be  totally  or  almost  entirely  free 
from  these  defects.  This  important  problem  may  therefore  be 
regarded  as  solved,  if  prolonged  experience  confirms  the  above  favor- 
able reports. 

*  "  Berichte  iiber  die  Entwickelung  der  Chemichen  industrie  wahrend  des  letzten 
Jahrzehends. 
\  Wiederhold,  Jahresber./.  Technol,  1861,  622. 
X  Kalliwoda,  Deutsche  Industrie  Z.,  1871,  17. 
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According  to  C.  Liebig,  a  good  mixture,  free  from  phosphorus,  may 
be  prepared  as  follows  : — 


Sulphuret  of  antimony, 
Chlorate  of  potash. 
Red  lead. 

Bichromate  of  potash, 
Nitro-mannite, 
Glass, 
Gum  arable, 


8  parts. 
16 
10 

1 

8 

4 

5 


Particulars  as  to  the  value  of  this  mass  are  unknown 


it  cannot 


be  cheap,  and  the  preparation  may  not  be  free  from  danger. 

Among  the  non-phosphoric  mixtures,  must  be  included,  that 
suggested  by  Fleck,  containing  finely  divided  sodium  diffused  in 
paraffin. 

As  ingenious  as  are  the  methods  proposed  to  counteract  the 
unfavorable  attributes  of  the  sodium,  this  proposal  will  in  all  prob- 
ability never  be  practically  realized,  especially  as  better  agents  are 
known. 

For  blasting  charges  under  water.  Fleck's  mixture  might  possibly 
be  applicable,  but  the  spontaneous  decomposition  which  gradually 
sets  in,  would  be  found  a  difficulty.  E.  Kopp,*  has  already  called 
attention  to  its  disadvantages,  whilst  Springmlihl,  after  a  careful 
examination,  and  also  Jettel,  deny  that  it  possesses  any  practical 
value. 

At  the  Exhibition,  France,  Sweden  and  Austria  represented  the 
match  trade. 

On  behalf  of  France,  appeared  the  Compagnie  GSnerale  des 
Allumettes  Chimique,  formed  in  the  month  of  October,  1872,  and 
possessing  the  leading  monopoly  for  the  production  of  matches  in 
the  whole  of  France.  For  this  privilege,  it  pays  to  the  Government 
a  fixed  tax  of  16,000,000  francs,  as  long  as  the  consumption  in 
France  does  not  exceed  40  milliards.  Beyond  this  consumption, 
there  is  a  progressive  duty  of  6  centimes  per  100  matches.  Hence, 
this  company  alone,  represents  the  whole  of  the  match  trade  of 
France.  The  former  manufacturers,  in  expectation  of  the  expro- 
priation which  they  had  daily  to  await,  did  not  exhibit.  The  impor- 
tance of  this  manufacture  for  France,  appears  from  the  following 
figures. 


*  Kopp,  Monit.  Scienti/.,  1870,  74. 
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The  number  of  the  (former)  match-works  in  France,  large  and  small, 
amounts  to  no  fewer  than  833.  The  inland  consumption,  is  on  the 
average,  five  matches  daily  per  head,  or  70  milliards  yearly.  The 
company  must,  therefore,  meet  the  enormous  daily  demand  of  180 
millions  without  maintaining  the  old  833  works  in  activity.  It  has, 
therefore,  decided  to  concentrate  the  production  in  twelve  estab- 
lishments, which  will  be  distributed  in  the  country,  according  to 
the  need  of  production  and  the  convenience  for  procuring  the  neces- 
sary materials.  It  is  of  opinion  that  it  will  be  possible  to  introduce 
into  each  of  these  works,  all  those  improvements,  industrial  and  san- 
itary, which  science  has  pointed  out  as  requisite. 

Of  the  180  millions  of  matches  daily  required,  150  millions  are  of 
wood,  and  30  millions  of  wax.  The  former  require  yearly,  45,000 
cubic  metres  of  wood  (oak,  poplar,  aspen,  pine  and  birch),  1200  to 
1500  tons  of  roll-sulphur,  and  300  tons  of  phosphorus  (1  ton  =  1000 
kilos.).  The  30  millions  of  wax-matches,  represent  a  yearly  con- 
sumption of — 

300,000  kilos,  spun  cotton. 

300,000     "      stearin. 

60  tons  of  phosphorus. 

To  this,  must  be  added  the  consumption  of  the  other  articles,  such 
as  red-lead,  gum,  etc.,  of  which  the  company's  report  to  the  jury 
gives  no  account. 

This  daily  production  of  180  million  matches,  requires  above 
"6000  workpeople,  both  men  and  women.  The  varied,  more  or  less 
elegant,  pasteboard  boxes  are  manufactured  by  the  company,  3  millions 
being  required  daily,  requiring  a  yearly  consumption  of  at  least 
2500  tons  of  pasteboard  of  various  qualities.  As  to  the  number  of 
work-people  engaged  in  the  production  of  these  boxes,  the  report 
gives  no  particulars,  but  we  may  conclude  from  other  sources  that 
about  12,000  persons  of  both  sexes  will  suffice,  to  whom  must 
further  be  added  those  employed  in  packing  and  sending  off,  to  the 
number  of  at  least  200  persons. 

The  above  figures  refer  merely  to  the  home  consumption,  but  there 
is  also  considerable  exportation,  not  merely  by  sea,  but  even  into 
other  countries  of  Europe.  The  French  marks,  *'  Roche,"  "  Cause- 
mille,"  "Meiffreu,"  are  in  request  at  La  Plata,  Buenos  Ayres,  Japan, 
Guatemala,  Peru,  etc.  The  exportation  amounts  to  the  yearly  value 
of  15  mill,  francs,  and  consists  exclusively  of  wax  lights   and  round 
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wooden  matches.     The  traffic  of  the  Soci^t^  G^n^rale  is  therefore  as 

follows : — 

Domestic  consumption,  .         .         65,000,000  frs. 

Exportation,         ....         15,000,000  " 


Which  is  distributed  as  follows 


80,000,000 


Duty  on  consumption,          .  .  35,000,000  frs. 

Duty  on  exportation,           .  •  .  1,800,000  " 

Allowance  to  dealers,           .  .  13,000,000  " 

Cost  of  production  and  profit,  .  30,200,000  " 

80,000,000  " 

Finally,  must  be  remarked  that  in  the  show-case  of  the  company" 
Coignet,  Pere  et  Fils,  exhibit  matches  with  a  friction-surface  of  amor- 
phous phosphorus. 

In  few  countries  has  the  manufacture  of  matches  reached  such  a 
development,  and  is  still  making  such  progress,  as  in  Sweden.  Swe- 
dish matches  are  known  in  all  civilized  countries,  and  so  valued  that 
counterfeits  are  sold  as  Swedish.  The  exportation,  which  was  only 
1,114,677  kilos,  in  1865,  and  2,896,398  kilos,  in  1870,  rose  in  1871, 
to  4,281,395,  and  in  1872,  to  6,059,601  kilos.  The  requisite  chem- 
icals are  imported  from  England.  The  works  at  Jonkoping  alone 
produce  yearly,  matches  of  the  value  1 J  millions  riksdaler  (at  1  mark 
14  pf.  German),  and  the  production  of  the  remaining  twenty-four 
establishments  now  in  operation,  may  be  of  equal  value.  Besides, 
there  are  some  manufactories  engaged  solely  with  the  manufacture  of 
fusee-wire. 

The  largest  establishment  at  Jonkoping,  is  the  property  of  a  joint- 
stock  company.  It  was  founded  in  1845,  and  is  driven  by  four 
steam-engines,  of  the  joint  power  of  76  horses.  In  1872,  there  were 
employed  255  men,  849  women,  105  boys  and  141  girls,  the  two 
latter  groups  under  eighteen  years  of  age ;  together,  therefore,  1350 
persons.  Of  the  workwomen,  688  were  only  periodically  engaged  in 
their  own  houses,  and  that  with  the  manufacture  of  boxes. 

The  production  is  constantly  increasing,  and  amounted  in  1872  to 
128,039,754  matches  of  different  kinds,  representing  a  value  of 
1,857,249  riksdaler.  About  four-fifths  of  the  total  production  are 
exported.  The  company  has  founded  a  school,  a  reading-room,  baths 
for  the  workpeople,  and  is  now  erecting  cottages  for  their  accomoda- 
tion. It  employs  alone  as  many  workpeople  as  all  the  rest  of  the 
Swedish  match  works,  and  paid  in  1872,  360,514  riksdaler  in  wages. 
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In  the  sister-kingdom  of  Norway,  the  match  trade  has  also  taken 
root,  although  on  a  smaller  scale.  Amongst  the  countries  in  which 
this  manufacture  was  earliest  established,  and  has  been  remarkably 
successful,  Austria  must  not  be  forgotten,  although  its  production  is 
now  less  extensive  than  that  of  Sweden.  The  exportation  of  matches, 
wax-lights,  etc.,  amounts  to,  in  the  years — 

1870, 46,684  kilos. 

1871, 43,685     " 

1872, 42,436     " 

The  decline  of  the  trade  is  ascribed  to  heavy  local  taxation.  There 
are  at  present  43  large  and  79  smaller  establishments  in  operation. 

Other  Applications  of  Phosphorus. — Phosphorus  is  employed  not 
merely  in  the  match  trade,  but  in  so  many  other  branches,  both  in  a 
free  state  and  in  numerous  compounds,  that  we  cannot  undertake 
their  exhaustive  description.  The  scientific  chemist  uses  this  element 
in  innumerable  investigations,  as,  e.g.,  in  the  preparation  of  methyl- 
and  ethyl-iodide,  which,  thanks  to  the  labors  of  A.  W.  Hofmann, 
have  become  indispensable  agents  in  research,  and  have  found  exten- 
sive application  in  chromo-technics.  For  such  purposes,  amorphoic 
phosphorus  is  often  used  instead  of  the  ordinary  kind,  since  its  reac- 
tions are  as  a  rule  less  violent. 

In  pharmacy,  phosphorus  plays  also  an  important  part,  although 
exclusively  in  the  shape  of  one  of  its  oxygen  compounds,  phosphoric 
acid.  This  acid  is  found  to  be  an  excellent  medium  for  introducing 
into  the  organism,  the  iron  neccessary  for  the  formation  of  blood. 
For  this  reason,  ferric  pyrophosphate,  which  has  no  inky  flavor,  and 
indeed  very  little  perceptible  taste,  has  rapidly  become  a  favorite 
medicine,  and  it  is  used  in  Grimault's  iron-syrup,  in  Loflund's  extract 
of  malt,  and  in  so  called  "  iron-sugar."  As  a  reagent  for  many  sub- 
stances belonging  to  the  materia  medica,  phosphoric  acid  is  also 
important.  According  to  Kratschmer  and  Nowak,*  it  is  the  best  test 
for  atropin ;  according  to  C.  Scheibler.f  there  is  no  better  precipi- 
tant, for  nearly  all  organic  bases  than  phospho-tungstic  acid,  a  com- 
bination of  phosphoric  and  tungstic  acids,  equally  available  for  scientific 
and  technological  purposes. 

Particularly  important  is  the  method  of  Prof.  E.  N.  Horsford,  of 
Cambridge,  U.  S.,  for  the  preparation  of  bread  without  yeast,  and 

*  Kratschmer  and  Norwak,  Vien.  Acad.  Ber.,  ii,  69. 
\  Scheibler,  Din^l.  Pol.  Journ.,  ccix,  141. 


Jan.,  1879.]  Hofmaun — Chemical  Arts,  etc.  29 

consequently  without  fermentation,  by  means  of  phosphoric  acid. 
Liebig  *  considers  this  invention  "  one  of  the  most  important  and 
beneficial  that  have  been  made  within  the  last  ten  years."  Prof. 
Horsford,  who,  during  his  stay  in  Vienna,  as  an  Exhibition  juror,  had 
the  kindness  to  perform  his  process  in  the  laboratory  of  the  reporter, 
proceeds  as  follows : — White  washed  bone-ash,  (3  parts)  are  treated 
with  about  2*4  parts  of  sulphuric  acid,  from  which  the  small  amount 
of  lead  present  in  the  commercial  acid  has  been  previously  precipi- 
tated by  dilution  with  10  parts  of  water.  It  is  thus  converted  into 
the  well-known  calcium  phosphate  [CaH2(P0^^2]5  which  still  contains 
one-third  of  the  lime  in  the  bones.  After  removing  the  gypsum,  the 
liquid,  which  also  contains  the  magnesia  of  the  bones,  is  concentrated 
to  the  consistence  of  honey,  and  when  cold  is  mixed  with  1  part  of 
starch  of  any  kind,  thus  forming  when  thoroughly  kneaded  together 
a  crumbly  mass,  which,  on  exposure  to  a  gentle  heat,  yields  a  white 
powder.  To  this  is  added  bicarbonate  of  soda,  in  the  proportion  of  3 
parts  of  the  phosphate  to  1  of  the  soda-salt.  Dough  is  now  prepared 
with  flour,  mixed  with  salt,  and  with  the  above-mentioned  baking 
powder,  worked  up  well  together  and  baked  in  the  usual  manner. 

The  carbonic  acid  thus  liberated  makes  the  bread  light  and  porous, 
so  that  in  this  respect  it  differs,  if  at  all,  advantageously  from  that 
produced  with  yeast.  If  bicarbonate  of  potassa  is  used  instead  of  the 
soda-salt,  the  bread  has  a  better  flavor,  and  this  procedure  would  be 
the  more  rational,  since  the  greater  part  of  the  potash  is  withdrawn 
from  the  flour  in  the  separation  of  the  bran.  Heretofore,  however, 
the  high  price  of  the  potash-salt,  stands  in  the  way  of  this  improve- 
ment. Leibig,  however,  proposes  to  substitute  a  mixture  of  the 
bicarbonate  of  soda,  and  chloride  of  potassium  in  the  proportion  of 
about  2  to  1  for  the  bicarbonate  of  potassa. 

The  advantage  of  a  process  so  easily  executed  in  every  household, 
and  the  beneficial  efi"ects  of  this  well-flavored  bread  upon  digestion 
are  so  evident,  that  it  would  be  superfluous  to  enter  upon  any  detailed 
explanation.  We  may  mention,  however,  that  for  armies  in  the  field, 
the  value  of  this  bread  must  be  incalculable,  as  it  is  peculiarly 
adapted  to  serve  for  a  time  as  a  substitute  for  animal  food.  In 
America,  it  is  already  produced  in  large  quantities,  and  has  become 
a  substance  of  daily  consumption.  In  the  recent  wai:  it  proved  very 
useful.     It  is  evidently  possible  to  incorporate  with   this  bread,  by 

*  Liebig,  Ann.  Chem.  Pharm.,  cxlix,  37,   Wai/ner  Ja/iresber.,  1869,  470. 
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additions  suited  to  circumstances,  all  the  constituents  of  blood  in  the 
necessary  proportion.* 

We  may  finally  mention  that  phosphorus,  notably  modifies  the 
properties  of  metals  with  which  it  combines  directly,  and  in  the 
case  of  such  as  are  strongly  electro-positive  even  with  the  develop- 
ment of  fire.  The  circumstance  has  met  with  technological  applica- 
tions, especially  in  the  case  of  copper,  which,  by  the  addition  1*2  to 
1"5  per  cent,  of  phosphorus  (phosphor-bronze),  becomes  harder, 
tougher,  more  fluid  on  fusion,  and  resists  external  influences  better, 
e.g..,  the  action  of  sea-water.  A  plate  of  this  bronze,  thus  exposed 
for  six  months,  lost  only  1-158  per  cent,  of  its  weight,  whilst  a  plate 
of  the  best  English  copper  of  equal  size,  lost  in  the  same  time  3*058 
per  cent. 

In  the  works  of  the  Stephenson  Tube  Company,  at  Birmingham, 
phosphorus-bronze  has  been  produced  on  the  large  scale  since  1865, 
and  is  used  for  tubes,  barrels  for  fire-arms  of  all  kinds,  cylinders 
for  calico-printing,  etc. 

Larger  proportions  of  phosphorus,  render  copper  white  and 
perfectly  brittle.  What  is  the  exact  part  which  small  quantities  of 
phosphorus  may  play  when  alloyed  with  copper  is'  not  quite  clear. 
It  may,  possibly,  ab  Dumas  supposes,  act  principally  upon  the  oxides 
mixed  with  the  copper,  and  which,  when  converted  into  phosphides, 
may  contribute  themselves  in  the  mass,  thus  rendering  it  harder, 
tougher,  and  more  elastic. 

The  phosphor-bronze,  from  the  works  of  G.  Ilopncr  &  Co.,  at 
Iserlohn,  is  already  extensively  used  for  the  bearings  of  axles,  for 
gun-barrels,  plating,  weights,  etc.  (See  the  paper  on  "Copper,"  in 
a  subsequent  part  of  this  report.) 

If  phosphate  of  copper,  obtained  by  precipitating  sulphate  of  cop- 
per with  the  phosphate  of  soda,  is  mixed  with  charcoal  and  exposed 
to  a  strong  red  heat,  a  white  brittle  copper  phosphide  is  obtained, 
very  rich  in  phosphorus,  by  the  aid  of  which  alloys  of  any  desired 
composition  can  be  most  advantageously  obtained. 

Phosphates  have  been  experimentally  used  in  the  glass  manufac- 
ture, but  without  any  marked  benefit.    The  glass  takes  a  yellow  color.f 

*  See  *'  Theory  and  Art  of  Bread-Making  :  A  New  Process  without  the  Use  of  Fer- 
ment," by  Prof.  E.  N.  Horsford. 

\  Pelouie,  Ann.  Chim.  Phys.,  (4),  v,  465. 
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NOTE    ON   THE   TAPER   OF   CONNECTING-RODS. 


By  William  D.  Marks, 

Whitney  Professor  of  Dynamical  Engineering,  University  of  Penn'a. 


In  a  recent  work  on  the  steam  engine,*  the  writer  made  the  fol- 
lowing remark : 

"  It  is  customary  to  make  round  connecting-rods  with  a  taper  of 
about  one-eighth  of  an  inch  per  foot,  from  the  centre  to  the  necks, 
which  should  be  of  the  calculaled  diameter.  Experiment  does  not 
show  an  increased  strength  from  a  tapering  form." 

Passed  Assistant  Engineer  C.  H.  Manning, f  in  a  pleasant  corres- 
pondence with  the  writer,  differed  from  him,  deeming  it  the  better 
method  to  taper  connecting-rods  from  the  crank-pin  end  to  the  cross- 
head  end,  as  "  experience  had  shown  that  connecting-rods  usually 
failed  at  the  crank-pin." 

Led  by  this  remark  to  make  a  more  thorough  investigation  into  the 
stress  upon  connecting-rods  due  to  their  own  inertia,  than  he  had 
before  deemed  necessary,  the  writer  submits  the  results,  hoping  they 
may  be  of  interest  to  engineers  engaged  in  the  designing  of 
mechanism. 

The  connecting-rod,  if  of  ivrought-iron,  must  be  considered  either, 
1st,  as  a  short  column,  tending  to  rupture  by  crushing,  or  2d,  as  a 
long  column,  tending  to  rupture  by  buckling.  The  tendency  to  fail 
in  tension,  can  be  neglected  as  being  much  less  than  in  the  two  cases 
mentioned. 

In  the  first  case  it  is  obvious  that  tapering  will  not  add  to  its 
strength,  if  we  neglect  the  stress  due  to  its  inertia  and  weight. 

In  the  second  case,  theoretically,  if  we  disregard  the  stress  in 
flexure  due  to  the  inertia  and  weight  of  the  connecting-rod,  the 
increase  in  its  diameter  will  be  a  maximum  at  its  centre.  (See 
"Weisbach's  Mechanics  of  Engineering,"  Sec.  iv.  Art.  267.) 

The  connecting-rod,  if  of  steel,  may  be  considered,  1st,  as  a 
tension-rod,  tending  to  fail  in  tension,  or  ,2d,  as  a  long  column,  tend- 
ing to  rupture  by  buckling.     The  ability  of  steel  to  withstand  a  much 

*  The  "  Relative  Proportions  of  the  Steam  Engine." 

f  Instructor  in  steam  engineering,  U.  S.  Naval  Academy,  Annapolis,  Md. 
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greater  stress  in  compression  than  in  tension,  avoids  the  necessity  of 
considering  it  as  a  short  column,  failing  by  crushing.  In  both  cases 
the  inertia  and  weight  of  the  rod  are  disregarded. 

These  are  the  general  conditions  which  have  controlled  the 
mechanical  engineer  in  the  consideration  of  the  proportions  of  wrought- 
iron  or  steel  connecting-rods.  In  addition,  it  has  been  customary  in 
order  to  meet  an  unknown  stress  in  flexure,  due  to  the  inertia  of  the 
rod,  to  increase  the  diameter  of  the  rod  at  the  middle,  or  latterly  to 
give  an  increased  diameter  at  the  crank-pin,  and  taper  from  this  to 
the  smallest  dimension  of  the  rod  at  the  necks  or  neck,  this  increase 
being  purely  empirical. 

Prof.  R.  11.  Thurston,  of  the  Stevens  Institute  of  Technology,  in 
a  personal  letter,  October  31st,  1878,  says  :     "  Where  iron  and  steel 

Fig.  1. 


are  used,  the  figures  adopted  as  constants  must  vary  greatly, 
especially  with  steel.  The  value  of  E  (modulus  of  elasticity)  varies 
enormously^''  with  which  opinion  the  writer  agrees  perfectly,  only 
regretting  that  the  very  basis  of  all  correct  calculations  is  thus  taken 
from  us,  and  we  are  forced  to  be  contented  with  results  which  have  a 
reasonable  probability  of  correctness,  if  we  assume  average  values  for 
the  safe  stresses  per  square  inch,  and  the  moduli  of  elasticity  of  the 
material  with  which  we  are  dealing. 

If  a  straight  line,  A  B,  Fig.  1,  have  its  extremities  A  and  B 
respectively  caused  to  move  reciprocally  upon  the  straight  line  AEH 
and  in  the  perimeter  of  the  circle  B  I  G,  any  point  upon  the  line 
A  B  a,3  d  will  trace  an  ellipse  as  d  Jl  e  F. 

If,  now,  we  let  the  length  of  the  line  A  B  =  I ;  the  radius  C  B  of 
the  circle  =  r  ;   the  variable  distance  of  the  point  d  from  the  point 
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A  =  A  d  =  l^',  we  have  the  semi-major-axis  of  this  ellipse  h  F  = 

h  R=  r,  and  the  semi-minor-axis  hd^he  =  yr,  and  the  radius  of 

curvature  of  the  osculatory  circle  at  the  vertex  d  of  the  semi-minor- 
axis, 

=  B  =  lr (1) 

The  maximum  resistance  due  to  its  inertia  of  any  small  mass  m  at 
the  end  B  of  the  rod  A  B,  to  motion  in  the  direction  B  C,  is  equal 
to  its  centrifugal  force 

=  c  = , \^) 

r 

in  which  v  =  the  linear  velocity  of  the  point  B  in  feet  per  second. 

For  a  demonstration  of  this,  refer  to  a  paper  by  F.  A.  P.Barnard, 
Transactions  of  the  American  Institute. 

Observing  now  that  in  the  position  shown  in  the  figure,  every  point 
on   the  line  A  B  di%  d\B  moving  with  a  velocity  v  in  an  arc  of  an 

osculatory  circle,  whose  radius  is  B  =  -r,  equation  (1),  we  have  the 

'1 
means  of  determining  the  resistance  due  to  the  inertia  of  each  element 
of  mass  m. 

For  the  point  d  it  would  be 

B  Ir 

For  the  point  J.,  since  ?i  =  0,  B  =  <x,  and  the  resistance  of  a  mass 
m  would  be  =  0,  We  thus  see,  equation  (3)  that  the  resistance  of 
each  element  of  mass  due  to  its  inertia  to  motion  in  a  direction  at 
right  angles  to  B  A  C,  is  directly  proportional  to  its  distance  =  V 
from  the  point  A. 

If,  now,  for  the  line  A  B  vfe  substitute  a  rod  of  uniform  cross- 
section  =  F,  we  have 

m  = , (4) 

9 

in  which  y  =  weight  per  cubic  unit,  and  ^  =:  32-2  feet  per  second, 
F  being  taken  in  square  units. 
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Substituting  this  value  of  m  in  equation  (3),  and  integrating 
between  the  limits  1^  =  0  and  =  ?,  we  have,  denoting  the  whole 
resistance  of  the  rod  A  B  hj  P^ 

I 


F  = 


0) 


or  since  the  weight  of  the  rod  =  (J  =  Fy  I, 

2gr' 

And  since   this  load  upon  the  rod  due  to  the  resistance  of  its  own 

inertia  increases  uniformly  from   the  end  A  to  the  end  B,  the  rod 

can,  with  sufficient  approximation,  be  supposed  in  the  condition  of 

Pjq  2  ^    horizontal    beam 

loaded  with  a  trian- 
gularly-shaped load, 
as  shown,  Fig.  2, 
in  the  cross-hatched 
portion  A  K  B. 

For  a  vertical  en- 
gine, we  can  neglect 
the    weight    of    the 
connecting-rod,  considering  only  the  stress  due  to  its  inertia. 

For  the  moment  of  flexure  of  any  cross-section  at  a  distance  x  from 
the  extremity  A^  we  have,  letting  c  =  the  load  per  unit  of  length  at 
the  point  K, 

hPx-l\7?==\p{x-''^),         ....         (6) 

which  becomes  a  maximum  for  a;=Zl/;^  =  0'578  Z,  and  at  which 
point,  therefore,  the  maximum  cross-section  of  the  connecting-rod 
should  be  placed. 

In  horizontal  engines  it  is  necessary  to  take  into  consideration  the 
weight  of  the  rod,  as  well  as  its  inertia ;  the  weight  of  the  rod  may 
be  regarded  as  a  uniformly  distributed  load,  always  acting  in  one 
direction. 

For  the  cross-section,  at  a  distance  x  from  the  extremity  A,  the 
moment  of  flexure  is  letting  Gr=  whole  weight  of  rod  ^=^1 
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(iP+iG^):.-(r|  +  i'-:r3)  = 

(ip  +  l(^)^_^^_^^:^.  ...  (7) 

which  is  a  maximum  for 


^  =  -2p-N8  +  2P  +  4P=  •         •         •         ■        (8) 

But  we  have  from  equation  (5), 

— -=z^.    in    which  a  =  acceleration  of  gravity,  v  =   the  linear 

velocity  of  the  crank-pin,  B,  in  feet  per  second,  and  r  =  the  radius 
of  the  crank  in  feet.     Substituting  this  value  in  equation  (8),  we  have, 


{-^^-V^f  +  (f) 


^=<\-'-4±Jt+''-i  +  (^)    ■     •  .    ■     (9) 


which  shows  that  as  the  velocity  of  the  crank-pin  increases,  the  value 
of  X  approaches  more  nearly  to  IV  ^  =  0-578  Z,  but  can  never  quite 
equal  it. 

Referring  to  equation  (7),  and  taking  P=  zero,  we  find  the  maxi- 
mum value  of  x=  -  =0'5l. 
2 

We  thus  see  that  the  greatest  moment  of  flexure  of  any  connecting- 
rod  lies  betw^een  the  limits  0*5 1  and  0*578 1,  measured  from  the 
point  A. 

It  is  of  interest  further  to  note,  that  the  crank-pin  takes  one-half 
the  stress  due  to  the  weight  of  the  rod,  and  two-thirds  of  the  stress 
due  to  the  inertia  of  the  rod. 

The  end,  A,  takes  one-third  of  the  stress  due  to  the  inertia  of  the 
rod,  alternately  increasing  and  decreasing  the  stress  upon  the  guides 
to  this  amount  and  one-half  the  stress  due  to  its  weight. 

In  engines  having  a  large  number  of  revolutions  per  minute,  P 
becomes  worthy  of  notice.  In  slow-moving  engines  it  is  very  small, 
and  may  be  neglected. 

From  these  considerations,  the  writer  is  of  the  opinion  that  the 
failure  of  connecting-rods,  at  the  neck  nearest  the  crank-pin,  if  they 
are  properly  proportioned,  is  probably  due  more  to  the  crank-pins  being 


36  Transmission  of  Power.  [jour.  Frank,  inst., 

out  of  truth,  rather  than  to  the  weight  or  inertia  of  the  rods  them- 
selves. 

He  further    takes   this  opportunity  to   state,  that  in  a  properly 
proportioned  engine  of  any  assumed  horse-power,  the  onli/  method  of 
diminishing  the  weight  of  the  moving  parts,  is  to  increase  the  number 
of  strokes — lengthening  the  stroke  will  not  do  it. 
December  1th,  1878. 


ON   THE   TRANSMISSION   OF   POWER  BY   MEANS  OF 

ELECTRICITY. 


By  Profs,  Elihu  Thomson  and  Edwin  J.  Houston. 

The  statements  recently  made  as  to  the  size  and  cost  of  the  cable 
that  would  be  needed  to  convey  the  power  of  Niagara  Falls  to  a  dis- 
tance of  several  hundred  miles  by  electricity,  have  induced  the  authors 
to  write  the  present  paper,  in  the  hope  that  it  may  throw  light  upon 
this  interesting  subject. 

As  an  example  of  some  of  the  statements  alluded  to,  we  may  cite 
the  following,  viz. :  That  made  by  a  certain  electrician,  who  asserts 
that  the  thickness  of  the  cable  required  to  convey  the  current  that 
could  be  proiluced  by  the  power  of  Niagara,  would  require  more 
copper  than  exists  in  the  enormous  deposits  in  the  region  of  Lake 
Pjq    y^  Superior.        Another 

statement     estimates 

J  m/lje:.         \^ }       \     ^^  ^^^*'  ^^  ^^  cable 

at  about  $60  per  lineal 
^    foot. 

As  a  matter  of  fact, 
however,  the  thickness 
of  the  cable  required  to  convey  such  power  is  of  no  particular 
moment.  Indeed,  it  is  possible,  should  it  be  deemed  desirable,  to 
convey  the  total  power  of  Niagara,  a  distance  of  500  miles  or  more, 
by  a  cojjper  cable  not  exceeding  one-half  of  an  inch  in  thickness.  This, 
however,  is  an  extreme  case,  and  the  exigencies  of  practical  working 
would  not  require  such  restrictions  as  to  size. 

The  following  considerations  will  elucidate  this  matter.  Suppose 
two  machines  connected  by  a  cable,  of  say  1  mile  in  length.  One  of 
these  machines,  as,  for  example.  A,  Fig.  1,  is  producing  current  by 


C 
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the  expenditure  of  power  ;  the  other  machine,  B,  used  as  an  electrical 
motor,  is  producing  power,  by  the  current  transmitted  to  it  from  A, 
by  the  cable  Q.  The  other  terminals,  x  and  y^  are  either  put  to  earthy 
or  connected  by  a  separate  conductor. 

Let  us  suppose  that  the  electromotive  force  of  the  current  which 
flows  is  unity.  Since  by  the  revolution  of  B,  a  counter-electromotive 
.  force  is  produced  to  that  of  A,  the  electromotive  force  of  the  current 
that  flows  is  manifestly  the  difference  of  the  two.  Let  the  resistance 
of  A  and  B  together,  be  equal  to  unity,  and  that  of  the  mile  of  cable 
and  connections   between  them,  the  'Ol  of  this  unit.     Then  the  cur- 

rr  -| 

rent  which    flows   will  be  (7=  -  =  _— .       If    now    an    additional 

R      101 

machine,  A',  Fig.  2,  and  an  additional  motor,  B\  and  an  additional 

mile  of  cable,  be  introduced  into  the  above  circuit,  the  electromotive 

Fig.  2. 
2  M/LES 


X 


force  will  be  doubled,  and  the  resistances  will  be  doubled,  the  current 

E  1  +  1  2 

strength    remaining    the    same    as    0  =  j^=  ^^^       ^  ^j  =  ^-^^ 

Here  it  will  be  seen  that  the  introduction  of  the  two  additional 
machines.  A'  B',  has  permitted  the  length  of  the  cable  e  to  be 
doubled,  without  increasing  the  strength  of  the  current  which  flows, 
and  yet  allowing  the  expenditure  of  double  the  power  at  A  A\  and  a 
double  recovery  at  B  B'  of  power,  or,  in  other  words,  a  double  trans- 
mission of  power,  without  increase  of  current.  Increase,  now,  the 
number  of  machines  at  A  to  say  one  thousand,  and  of  those  at  B  in 
like  proportion,  and  the  distance  between  them,  or  the  length  of  the 
cable,  one  thousand,  or  in  the  case  we  have  supposed,  make  it  one 
thousand  miles,  its  diameter  remaining  the  same.  Then  although  the 
same  current  will  flow,  yet  we  have  a  thousand  times  the  expenditure 
of  power  at  one  end  of  the  cable,  and  a  thousand-fold  recovery  at  the 
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other  end,  without  increase  of  current.  And  the  same  would  be  true 
for  any  other  proportion. 

Since  the  electromotive  force  is  increased  in  proportion  to  the 
increase  of  power  transmission,  the  insulation  of  the  cable  and 
machines  would  require  to  be  proportionally  increased. 

As  an  example,  it  may  be  mentioned  that  a  dynamo-electric 
machine  used  for  the  purpose  of  A  in  the  figure,  may  have  a  resist- 
ance of  say  40  ohms,  and  produce  an  electromotive  force  of  say  400 
volts.  Such  a  machine  might  require  from  three  to  five  horse-power 
when  used  in  connection  with  a  suitable  motor  B,  for  recovery  of  the 
power  transmitted. 

If  the  resistance  of  the  motor  B,  be  say  60  ohms,  and  the  cable 
transmitting  the  currents  a  distance  of  one  mile,  be  one  ohm,  then 

the  current  C^  r^ ^     -    =  ^~— .    If  now,  one  thousand  machines 

60+40  +  1       101 

and  one  thousand  motors,  and  a  thousand  miles  of  cable,  each  of  the 

,    .  •  V.  J     L  yy      1000X400      ,  .  , 

same  relative  resistances  be  used,  the  current  C'=  — --,      ^—  ,  which 

'  1000  X  101 

has  manifestly  the  same  value  as  before.     If  our  supposition  of  the 

power  used  to  drive  one  machine  be  correct,  then  from  three  to  five 

thousand  horse-power  would  be  expended  in  driving  the  machines, 

and  possibly  about  fifty  per  cent,  of  this  amount  recovered.     Then 

we  have  from  1500  to  2000  horse-power  conveyed  a  distance  of  1000 

miles.     What  diameter  of   copper  cable  will  be  required  for  such 

transmission  ?     Since  this  cable  is  supposed  to  have  the  resistance  of 

one  ohm  to  the  mile,  calculation  would  place  the  requisite  thickness 

at  about  J  inch.     If,  however,  the  distance  be  only  500  miles,  then 

the  resistance  per  mile  may  be  doubled,  or  the  section  of  the  cable 

be  decreased  one-half,  or  its  diameter  will  be  less  than  the  I  inch. 

For  the  consumption  of  1,000,000  horse-power,  a  cable  of  about  3 

inches  in  diameter  would  suffice  under  the  same  conditions.     However, 

by  producing  a  much  higher  electromotive  force,  the  section  of  the 

cable  could  be  proportionally  reduced,  until  the  theoretical  estimates, 

which  we  have  given  in  the  first  part  of  this  paper,  might  be  fulfilled. 

The  enormous  electromotive  force  required  in  the  above  calculation, 

would,  however,  necessitate  such  perfect  insulation  of  the  cable,  that 

the  practical  limits  might  soon  be  reached.     The  amount  of  power 

required  to  be  conveyed  in  any  one  direction,  would,  of  course,  be 

dependent  upon  the  uses  that  could  be  found  for  it ;  and  it  is  hardly 
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conceivable  that  any  one  locality  could  advantageously  use  the 
enormous  supposed  power  we  have  referred  to. 

Stripped  of  its  theoretical  considerations,  the  important  fact  still 
remains,  that  with  a  cable  of  very  limited  size,  an  enormous  quantity 
of  power  may  be  transferred  to  considerable  distances.  The  burning 
of  coal  in  the  mines,  and  the  conveyance  of  the  power  generated  by 
the  flow  of  rivers,  may  therefore  be  regarded  as  practicable,  always, 
however,  remembering  that  a  loss  of  about  50  per  cent,  will  be 
almost  unavoidable. 

It  may  be  mentioned  that  Dr.  C.  W.  Siemens,  and  Sir  William 
Thomson,  have  recently  made  statements  that  are  in  general  accord- 
ance with  the  views  here  expressed. 


A  CURIOUS  THERxMO-MAGNETIC  MOTOR. 


Bv  Profs.  Edwix  J.  Houstox  and  Elihu  Thomson. 


During  investigations  by  the  authors,  concerning  the  increase  in 
the  coercitive  force  of  steel  by  changes  of  temperature,  the  following 
curious  thermo-magnetic  motor  was  devised.  This  motor,  though 
devoid  of  practical  value,  will,  no 
doubt,  be  of  sufficient  scientific  interest 
to  warrant  a  short  description. 

In  the  figure,  a  disc  or  ring  of  thin 
steel,  i>,  is  mounted  on  an  axis,  so  as 
to  be  quite  free  to  move.  The  edges 
of  the  wheel  are  placed  opposite  the 
poles  jSTand  *S',  of  a  magnet.  In  this 
position  the  wheel  of  course  becomes 
magnetized  by  induction. 

If  now,  any  section  of  the  wheel, 
as  JT,  be  sufficiently  heated,  the  disc 
will  move  in  the  direction  shown  by 
the  arrow.  The  cause  of  this  motion 
is  as  follows  :  The  section  H,  when 
heated,  has  its  coercitive  force  thereby  increased,  and  being  less 
powerfully  magnetized  by  the  induction  of  the  pole  *S',  than  the  portion 
<7,  immediately  adjacent  to  it,  the  attraction  exerted  "by  the  pole  S 
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on  the  latter  portion  is  thereby  sufficient  to  cause  a  movement  of  the 
disc  in  the  direction  shown  by  the  arrow.  If  a  constant  source  of  heat 
be  placed  at  H,  a  slow  rotation  in  the  direction  shown  is  maintained. 
To  ensure  success,  the  disc  must  be  sufficiently  thin  as  to  prevent 
its  acquiring  a  uniform  temperature.  If  the  source  of  heat  be  at  the 
same  time  applied  at  diametrically  opposite  portions  of  the  disc,  as 
at  ^and  i>,  adjacent  to  the  poles,  the  same  effect  will  be  produced. 
Since  the  amount  of  heat  expended  in  producing  motion  of  the  disc 
is  so  enormous  when  compared  with  the  force  developed,  it  will 
be  readily  understood  that  this  motor  is  of  no  value  as  such,  but  must 
be  regarded  as  an  interesting  example  of  the  interconvertibility  of 
force. 

INDUCTION  APPARATUS  FOR  REVERSED  CURRENTS. 


By  Profs.  Eliiiu  Thomson  and  Edwin  J.  Houston. 

The  following  apparatus  was  devised  by  the  authors  for  the  pur- 
pose of  obtaining  induced  reversed  currents  for  use  in  electric  illumi- 
nation. These  currents  we  use  with  a 
vibrating  lamp,  somewhat  similar  in  con- 
struction to  a  lamp,  a  description  of  which 
has  already  been  published. 

Our  method  of  operation  is  as  follows : 
A  reversed  primary  current  is  caused  to 
induce  reversed  secondary  currents  in 
secondary  coils  provided  therefor.  These 
secondary  currents  are  caused  to  give 
vibrations  to  carbon  electrodes,  and 
thereby  at  the  same  time  produce  a 
partial  arc  between  them.  With  sufficient 
strength  of  primary  current,  a  consider- 
able number  of  secondary  currents  are 
obtained,  each  of  which  is  able  to  operate 
one  of  our  vibrating  lamps. 
The  use  of  a  vibrating  lamp  admits  of  a  wider  ange  in  the  size 
of  the  carbons  employed.  When  a  light  of  very  moderate  intensity 
is  desired,  the  carbons  are  made  of  very  small  size,  and  are  placed  in 
a  closed  glass  vessel  for  protection  from  the  atmosphere.  To  mod- 
erate the  brilliancy,  opalescent  glass  is  used. 


//(•     •     •    •        T-f^ 
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To  obtain  the  highest  efficiency  of  inductive  action  from  a  set  of 
primary  coils,  the  following  form  of  induction  of  coil  was  devised : 
The  primary  coil  P,  surrounding  the  core  C,  is  provided  with  a  sec- 
ondary coil  *S',  adjacent  to  it.  The  ends  JE  and  F,  of  the  bobbin,  are 
made  of  disks  of  iron  concentric  with  the  core  O,  and  slit  from  centre 
to  circumference.  The  outer  extremities  of  these  disks  are  connected 
by  wires  or  sheets  of  iron  L,  to  one  another,  forming,  in  this  manner, 
an  induction  coil  encased  in  iron,  or  one  whose  core  has  its  north  and 
south  extremities  magnetically  connected.  The  strength  of  the  cur- 
rent developed  in  the  secondary  coil  is  greatest  when  the  core  C, 
which  is  movable,  is  inserted  so  that  both  of  its  extremities  are  in 
contact  with  U  and  F.  By  withdrawing  this  core,  the  currents  in 
the  secondary  coil  may  be  weakened  to  almost  any  desired  extent. 
This  coil  is  best  adapted  to  the  use  of  primary  currents  whose  direc- 
tion is  constantly  changing.  All  the  wire  being  completely  sur- 
rounded by  iron  whose  direction  of  magnetic  polarization  is  rapidly 
changed,  the  highest  inductive  effect  is  thereby  produced  in  the 
secondary  coil. 

The  variations  in  the  intensity  of  the  induced  currents  will,  of 
course,  be  followed  by  variations  in  the  intensity  of  the  light  emitted 
by  the  lamp.  The  movement  of  the  core  may,  therefore,  be  made 
to  increase  or  decrease  the  intensity  of  the  light. 


THE    EFFECT    OF    CONTINUED    AND   PROGRESSIVELY 
INCREASING   STRAIN  UPON  IRON. 


By  Charles  Huston. 


I  have  observed  repeatedly  when  a  piece  of  iron  was  subjected  to 
heavy  strain  in  the  testing  machine,  sufficient  to  produce  more  or  less 
elongation,  that  if  the  strain  was  kept  up  for  some  time,  say  24 
hours  or  more,  the  iron  underwent  a  change  in  its  character.  This 
change  was  shown  in  the  fact  that  although  an  increase  of  elongation 
had  been  produced  with  each  addition  of  1000  lbs.  to  the  square  inch 
when  applied  without  much  interval,  after  the  lapse  of  24  hours  it 
required  5000  lbs.  to  develop  further  elongation. 

In  order  to  investigate  this  subject  with  some  system,  I  took  five 
pieces  from  the  same  plate  of  bridge  iron  designated  in  the  following 
table  by  Nos.  188,  189,  194,  195,  196.     To  enable  the  reader  fully 
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to  understand,  however,  the  details  of  the  experiments,  it  is  necessary 
to  explain  the  apparatus  used.  The  testing  machine  used  was  made 
by  the  E.  &  T.  Fairbanks  Co.,  the  strain  being  produced  by  the 
screw,  which  I  prefer  because  the  power  is  positive,  and  whatever 
strain  is  developed,  can  be  maintained  for  any  length  of  time  without 
the  variation  liable  to  occur  from  the  leaking  or  other  defects  of  the 
pump.  The  apparatus  used  for  measuring  the  elasticity  and  permanent 
set,  was  devised  by  myself,  and  now  under  the  control  of  the  E.  &  T. 
Fairbanks  Co.,  is  shown  in  the  accompanying  figure. 

^,  Figs.  1  and  2,  represents  the  test-piece  supposed  to  be  fastened 
in  the  testing  machine ;  5  is  a  clamp  which  is  attached  to  the  test- 
piece  between  a  knife-edge  and  a  steel-pointed  screw,  thus  establishing 
a  fixed  point  at  a  on  the  test-piece :   C  is  another  clamp  similar  to  B, 

Fig.  1 


and  establishing  another  fixed  point  on  the  test-piece  at  i  ;  the  clamp  C^ 
however,  carries  a  long  arm  Z>,  which  has  at  its  outer  end  a  gradu- 
ated arc  divided  into  inches,  and  each-  inch  divided  into  25  parts. 
Attached  to  the  clamp  O  is  the  post  H,  which  rises  underneath  the 
clamp  B  as  near  as  possible,  without  contact ;  resting  on  this  post 
is  the  indicator  i¥,  with  a  knife-edge  bearing.  Figs.  1  and  3,  and 
measuring  \  inch  in  length  at  the  short  end,  and  10  inches  at  the 
long  end,  the  short  end  resting  in  contact  with  the  under  side  of  the 
clamp  B.  When  everything  is  properly  adjusted,  the  length  of  the 
test-piece  embraced  between  the  two  clamps  should  be  just  2  inches ; 
it  is  manifest,  therefore,  that  any  increase  or  decrease  of  distances 
between  the  points  a  and  6,  will  cause  the  end  of  the  indicator  to  fall 
or  rise  on  the  scale  ^,  and  with  the  measurements  above,  give  an  elon- 
gation of  the  test-piece  between  a  and  i,  of  ^-J^  „  of  an  inch,  will  cause 
the  indicator  to  fall  one  degree  on  the  scale. 
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When  using  this  little  apparatus,  we  shall  find  the  moment  we  put 
any  strain  upon  the  test-piece  it  lengthens,  but  if  the  load  is  not 
made  too  great,  the  piece  will  contract  Fig.  2. 

to  its  original  length  on  the  removal  of 
the  load  :  this  property  I  have  named 
the  elasticity.'^  When,  however,  the 
indicator  fails  to  return  to  its  original 
position,  it  is  an  evidence  that  there  has  been  a  disturbance  of  the 
particles  of  the  iron,  and  we  then  have  two  measurements  :  1,  the 
degree  of  elasticity  as  above,  and,  in  addition,  the  next,  2,  degree 
of  permanent  set,  measured  by  the  number  of  degrees  the  indicator 
fails  to  return  after  the  load  has  been  removed. 

With  this  explanation,  therefore,  I  return  to  the  five  test-pieces 
named  above. 

These  were  placed  in  the  machine,  and  a  record  of  both  elasticity 
and  permanent  set  kept  with  each  increase  of  1000  lbs.  to  the  square 
inch  of  load,  beginning  at  10,000  lbs.,  but  as  the  record  below  the 
point  of  permanent  set  is  not  of  practical  value,  I  have  prepared  the 
accompanying  table  and  strain  diagram,  beginning  at  27,000  lbs.,  the 
lowest  point  at  which  any  of  the  specimens  took  permanent  set.  In 
the  strain  diagram  there  is  no  account  taken  of  the  elasticity,  but  only 
of  the  permanent  set. 

In  specimen  No.  188,  as  will  be  observed,  permanent  set  took  place 
at  31,000  lbs.,  and  the  load  was  increased  1000  lbs.  at  a  time,  without 
interruption,  until  the  piece  was  broken ;  in  the  strain 
diagram,  however,  the  elongation  is  not  carried  beyond 
M      '030,  that  being  the  extent  to  which  the  little  apparatus 
*kH\  could  measure ;  the  total  elongation,  however,  together 

with  the  tensile  strength  and  contraction  of  area  at  point  of  fracture, 
are  given  at  the  foot  of  the  table. 

The  next  specimen,  No.  196,  took  permanent  set  at  27,000  lbs., 
and  was  then  kept  at  that  strain  for  24  hours;  1000  lbs.  additional 
were  then  added,  without  increased  permanent  set ;  another  1000  lbs. 
were  then  added,  and  the  permanent  set  was  increased  as  before. 
This  head  (29,000  lbs.)  was  then  maintained  for  24  hours,  at  the  end 
of  which  time  another  1000  lbs.  were  added,  with  no  change,  but 
when  the  next  1000  lbs.  were  put  on,  it  again  elongated,  and   then 


Fig. 


*  The  inherent  property  in  bodies,  by  which  they  recover  their  former  figure  or 
dimensions  after  the  removal  of  the  external  pressure  or  altering  force. — Webster. 
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kept  at  that  strain  for  24  hours,  when  the  same  process  of  iricrease  of 
1000  lbs.  at  a  time  was  gone  through  with,  showing  no  change  with 
the  first  1000  lbs.,  but  an  elongation  at  2000  lbs.,  until  I  reached 
47,000  lbs.,  when  an  increase  of  2000  lbs.  produced  no  change,  but 
at  49,000  lbs.  it  again  elongated,  beyond  the  capacity  of  the  instru- 
ment for  measuring,  and  broke,  with  the  record  given  at  the  foot  of 
the  table. 

The  next  piece,  No.  195,  was  loaded  to  30,000  lbs.,  without  per- 
manent set,  and  kept  at  that  for  24  hours ;  it  was  then  loaded  1000 
lbs.  at  a  time  to  33,000  lbs.,  stilf  no  change;  after  24  hours,  it  was 
again  loaded  1000  lbs.  at  a  time,  with  no  change  until  I  reached 
36,000  lbs.,  when  elongation  took  place,  and  the  machine  was  kept  in 
equilibrium  until  stretching  ceased  ;  it  was  then  kept  for  24  hours, 
when  1000  lbs.  were  added  at  a  time,  with  no  change  until  I  reached 
39,000  lbs.,  and  so  after  the  expiration  of  24  hours,  it  required  an 
increment  of  3000  lbs.  each  time  to  increase  the  permanent  set. 
After  completing  the  experiment,  as  shown,  the  next  piece.  No.  194, 
was  taken  and  loaded  to  30,000  lbs.,  with  no  change;  after  24  hours 
it  was  again  loaded  1000  lbs.  at  a  time  to  34,000  lbs.,  still  no  change; 
next  day  the  load  was  again  increased  1000  lbs.  at  a  time,  and  no 
change  until  I  reached  38,000  lbs.,  and  each  succeeding  day  it  took 
4000  lbs.  to  develop  an  increase  of  permanent  set. 

The  next  piece.  No.  189,  was  then  taken  and  loaded  to  30,000 
lbs.,  with  no  change ;  the  next  day  to  35,000  lbs.,  and  no  change ; 
the  next  day  again,  no  change  until  I  reached  40,000  lbs.,  and  each 
succeeding  day  it  required  5000  lbs.  to  increase  the  permanent  set. 
These  results  are  very  curious,  and  I  fear  will  be  difficult  to  believe 
and,  of  course,  must  necessarily  be  taken  cum  grano  salts  until  con- 
firmed by  repeated  tests ;  but  if  they  are  true,  it  would  seem  as 
though  a  piece  of  iron  might  be  loaded  just  beyond  its  so-called 
elastic  limit,  as  in  test-piece  No.  196,  and  preserve  its  ductility  or 
toughness  so  as  to  yield  with  every  small  increase  of  load ;  but  that 
if  you  load  a  piece  to  very  nearly  its  so-called  elastic  limit,  and  keep 
it  there,  it  will  become  rigid  and  not  elongate  without  a  very  decided 
increase  of  load,  as  shown  by  specimen  No.  189 ;  and  it  is  admitted 
I  believe,  by  all  engineers,  that  if  you  destroy  the  ductility  of  iron 
and  subject  it  to  concussion  while  under  strain,  it  is  very  apt  to 
break. 

LuKENs"  Rolling  Mills,  Coatesville,  Chester  Co.,  Fa.,  Dec.  1th,  1878. 
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THE  JANNEY  CAR-COUPLER. 


From  the  Secretarys  Keport  at  tlie  meeting  of  tlie  Franklin  Institute.  Dec.  18tli,  1S78. 


Large  sums  of  money  and  a  great  amount  of  time  have  been  spent 
in  endeavors  to  devise  a  perfect  system  of  connecting  the  cars  of 
passenger  railway  trains,  but  the  requirements  are  so  numerous,  and 
the  difficulties  to  be  overcome  so  great,  that  much  the  larger  number 
of  the  efforts  in  this  direction  have  proved  failures. 

The  car-coupler  invented  by  Mr.  E.  H.  Janney,  together  with  his 
automatic  and  double-acting  compressing  device,  as  applied  to  equal- 
izing side-buffers,  as  shown  in  the  accompanying  figure,  constitute  a 
most  complete  system  for  this  purpose,  and  one  which  is  meeting  with 
much  favor  with  some  of  our  leading  railroads. 

Fir..  1. 


Fig.  1  is  a  top  view  of  two  couplers,  represented  as  approaching 
each  other  for  coupling. 

In  Fig.  2  two  couplers  are  united ;  one  in  section,  to  show 
the  internal  arrangement  of  the  parts. 

Fig.  3  represents  the  knuckle,  B,  which,  when  in  proper  position, 
serves  to  hold  the  two  couplers  together. 

Fig.  4  represents  a  plan  of  the  platform,  with  the  coupler,  com- 
pressing device  and  side-buffers  attached. 

Fig.  5  represents  a  sectional  and  Fig.  6  an  end  view  of  same. 

The  knuckle,  B,  represents  a  pinion  with  two  teeth,  B'  and  B'^ 
(the  other  teeth  of  the  series  being  dispensed  with)  and  the  drawhead, 
A,  and  tooth  or  nose,  B'',  of  the  other  coupler  representing  the 
rack.  When  the  couplers  are  forced  together,  the  teeth  engage  each 
other,  the  hub  revolves,  and  the  long  tooth,  B'  is  carried  around 
into  a  locking  position ;    the  catch,   C,  being  forced   back  by  the 


Jan.,  1S79.] 


The  Janney  Car-Coupler. 


47 


circular  end  of  the  tooth,  B'^  in  passing,  after  which  the  catch  is 
returned  to  its  locking  position  by  the  catch-spring. 

The  action  in  coupling  is  similar  to  a  pinion,  being  revolved  by 
the  rack,  or,  -when  both  knuckles  are  thrown  open,  to  two  pinions 
passing  each  other  and  turning  on  their  axes. 

The  uncoupling  is  effected  by  throwing  over  the  platform  lever, 
iHf,  Fig.  6,  which  in  turn  forces  around  the  coupler-lever,  />,  Fig.  2, 
and  catch  0  back,  so  as  to  allow  the  tooth,  B',  to  revolve  outward. 

Fig    2. 


It  will  be  observed  that  the  two  couplers,  when  united,  form  a 
perfect  and  closely-fitting  knuckle-joint,  and  therefore  give  perfect 
freedom  in  curving,  without  either  lateral  or  longitudinal  lost  motion. 
It  will  also  be  noticed  that  the  guard-arms  extend  beyond  the  head 
of  the  opposite  coupler,  and  thus  absolutely  prevent  accidental  un- 
coupling ;  while,  from  their  shape,  they  serve  to  guide  the  parts 
into  coupling  position  as  they  approach  each  other. 

The  buffers,  F,  Figs.  5  and  6,  are  attached  at  their  rear  ends  to  an 
equalizing  bar,  which  makes  the  compression  on  each  buffer-head, 
equal  under  all  circumstances. 

YiG,  3.  The    equalizing-bar,    H,   is    pivoted,   at    its 

centre,  to  the  clevis,  Z, which  in  turn  is  pivoted 
to  the  yoke-lever,  J,  and  the  yoke-lever  con- 
nected to  the  horn,  i,  by  means  of  the  clevis, 
K.  The  yoke-lever  is  pivoted  midway  between 
the  pivot  point  of  clevis  i,  and  its  point  of 
contact  with  the  lower  end  of  horn  L,  below 
the  coupler ;  hence  its  movement  must  be  in  the  arc  of  a  circle.  It 
will  be  seen  that  the  clevis,  /,  is  pivoted  at  almost  double  the  distance 
from  the  yoke-lever  pivot  point,  as  the  clevis,  K,  and  therefore,  in  a 
forward  movement,  would  travel  nearly  twice  the  distance. 


CDT 


48 


The  Janney  Car-  Coupler. 


[Jour.  Frank.  Inst., 


The  object  of  this  combination  is  to  increase  the  compression  on 
each  buflfer-head  as  the  cars  move  from  their  normal  position  in  either 
direction,  and  to  keep  them  in  close  contact,  under  all  circumstances, 
without  the  use  of  he?,vy  buffer-springs,  or  extending  the  buffers  out 
80  far  before  a  coupling  is  effected,  both  of  which  methods  are 
objectionable,  and  do  not  accomplish  the  object  sought.  The  opera- 
tion is  as  follows : 

Fig.  4. 


The  buffer-heads  stand  out,  before  a  coupling  is  effected,  about  1 
inch  beyond  the  inside  face  of  the  coupler-knuckle,  and  have  to  be 
forced  back  that  distance  to  make  the  coupling,  which  requires  about 
1000  lbs.  pressure  on  each  buffer-head. 

When  the  train  is  started,  the  coupler-draft  springs,  0  and  iV, 
yield,  allowing  the  coupler  to  be  drawn  out,  and  with  it,  by  means  of 
the  intermediate  connection  heretofore  described,  the  equalizer,  but 
at  an  increase  motion  over  the  coupler  in  proportion  to  the  difference 
in  the  distance  between  the  pivot  points  of  clevises  1  and  K  from  the 
pivot  centre  of  the  yoke-lever,  which  increase  is  provided  for  by  the 
compression  of  the  buffer-springs,  G. 
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It  will  be  understood,  therefore,  that  if  the  compression  at  the 
start  is  equal  to  1  inch,  and  the  movement  of  the  equalizer  over 
the  coupler  is  at  the  rate  of  nearly  2  to  1,  when  the  coupler  has 
traveled  2  ins.,  the  equalizer  will  have  traveled  nearly  4  ins,,  thereby 
increasing  the  compression  on  the  buflfer-springs,  Gr,  2  inches,  making 
3  inches  in  all. 

The  same  is  true  in  buffing,  except  that  the  increase  is  more  rapid. 
The  platforms  being  about  2^  inches  apart,  there  can  only  be  a  move- 
ment on  the  part  of  each  of  1^  inches  before  they  touch.  In  this 
movement  the  buffers  are  forced  back  on  the  springs,  Gr,  to  that 
extent  which,  in  addition   to  the  first  inch  gained  in  coupling  up, 

Fu;.  5. 


makes  2|  inches.  While  this  movement  is  going  on,  however,  the 
lower  end  of  the  horn,  L,  being  firmly  mortised  into  the  coupler  and 
moving  with  the  same,  has,  by  its  contact  with  the  yoke-lever,  rocked 
the  same  on  its  pivot,  throwing  forward  the  equalizer  1^  inches,  thus 
producing  in  all  about  3  inches  compression  by  the  time  the  platforms 
have  touched.  In  addition  to  this  resistance  (the  object  of  which  is 
to  prevent  the  butting  of  the  platforms  except  in  case  of  collision), 
the  spring,  iV,  which  acts  in  the  two-fold  capacity  of  buffer  and  draft, 
is  shortened,  so  as  to  limit  its  movement  to  Ij  inches,  and  enable  its 
full  resisting  power  to  be  utilized  in  this  movement. 

To  overcome  the  increased  difficulty  in  starting  trains,  caused  by 
shortening  said  spring,  another  and  lighter  spring,  0,  is  added, 
which,  when  the  draft  is  applied,  yields  first. 

By  this  arrangement  the  inertia  in  starting  heavy  trains  is  much 
more  easily  overcome  than  by  the  ordinary  8  in.  draft  springs. 

The  brace,  C,  Fig.  5,  is  designed  to  sustain  the  platform,  and  is 
admirably  adapted  for  this  purpose. 

The  construction  of  the  intermediate  mechanism  is  such  that  no 
amount  of  pressure  upon  the  buffer-heads  produces  any  counter- 
action on  the  draft-springs,  0  and  iV. 

Whole  No.  Vol.  CVII.—i  Third  Series,  Vol.  Ixxvii.)  4- 
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Some  of  the  advantages  of  this  improvement  have  been  referred 
to  in  the  foregoing  description,  but  there  are  others  which  deserve 
special  mention. 

It  is  claimed  for  this  device,  that  by  its  use  telescoping  is  more 
effectually  prevented  than  by  the  use  of  any  other,  and  for  the  fol- 
lowing reasons  : 

In  addition  to  the  platforms  being  elevated  to  a  line  with  the  sills 
of  the  car-bed,  they  are  brought  and  kept  in  closer  contact,  making 
of  the  entire  train  one  elastic  structure.     Besides,  the  couplers  being 

Fig.  6. 


closely  interlocked,  and  acting  constantly  so  as  to  sustain  each  other 
against  lateral  movement,  the  platforms  are  prevented  from  sliding 
by  each  other  or  buckling,  as  is  the  tendency  in  collisions.  Practical 
demonstration  has  been  had  of  this  in  several  collisions  that  have 
occurred,  and  where  no  damage  or  injury  was  sustained. 

Another  advantage  possessed  by  this  improvement  (the  absence  of 
which  would  have  been  fatal  to  its  adoption  by  the  roads  now  using 
it)  is  that  under  no  circumstances,  it  is  believed,  can  the  train  part 
accidentally.  Experiments  were  made  to  test  this  fact,  in  the  fol- 
lowintT  manner.  The  two  rails  of  the  track  were  cut  and  elevated 
about  2  feet  above  the  track  level  (triangular  blocks  of  equal  sides 
being  used  to  aid  the  wheels  in  mounting  and  descending),  and  the 
train  run  back  and  forth  over  the  obstruction  a  number  of  times, 
without  parting  or  any  injury  resulting. 

An  accident  occurred  to  a  train  of  five  cars  running  at  the  rate  of 
fifty  miles  per  hour,  in  which  the  truth  of  the  foregoing  was  fully 
established.  The  middle  car  in  the  train,  in  passing  a  curve,  was 
thrown  from  the  track  and   toppled  over  to  an  angle  of  nearly  45°, 
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and  held  by  the  coupler  in  this  condition  until  the  train  could  be 
stopped,  when  it  was  found  that  the  body  bolts  and  axle  were  bent, 
but  this  car  with  its  fifty  passengers,  as  well  as  the  whole  train, 
saved  from  complete  destruction  by  this  improvement,  which  was 
found  still  to  be  in  perfect  condition. 

The  reasons  for  this  will  be  understood  when  it  is  noticed  that  the 
coupler  of  one  car  extends,  and  always  remains,  under  the  opposite 
platform,  and  vice  versa ;  consequently,  neither  platform  can  fall 
below  the  coupler  of  the  opposite  car. 

Still  another  advantage,  is  that  by  the  peculiar  construction  of  the 
coupler,  being  a  closely-fitting  joint  and  without  longitudinal  or 
lateral  play,  the  unpleasant  oscilation  or  swinging  of  the  platforms 
in  opposite  directions  is  overcome,  thereby  adding  greatly  to  the 
comfort  as  well  as  safety  in  running  trains. 

There  can  be  no  doubt  whatever,  that  greater  steadiness  and 
smoothness,  as  well  as  more  perfect  security,  is  obtained  by  the  use 
of  this  improvement,  than  has  been  heretofore. 

Its  adoption,  as  a  whole,  by  the  Pennsylvania  Railroad  for  its 
main  line  and  all  the  lines  it  operates  or  controls,  and  by  the  Penn- 
sylvania Company  for  its  immense  system  west  of  Pittsburg,  after 
a  thorough  and  exhaustive  test  covering  a  period  of  nearly  four 
years,  is  sufficient  of  itself  to  indicate  its  importance  and  value. 


SELF-LUMINOUS     CLOCK    DIALS. 


By  Henry  Morton,  Ph.  D., 

President  of  the  Stevens  Institute  of   Teclinology. 

My  attention  having  been  drawn  to  the  "luminous  clocks  "  which 
have  recently  been  offered  for  sale  in  several  places,  I  made  an 
analysis  of  the  substance  with  which  their  dials  are  coated,  and  found 
it  to  consist  of  nothing  but  the  well-known  phosphorescent  compound, 
sulphide  of  calcium,  attached  by  means  of  some  resinous  medium, 
like  varnish. 

But  while  the  material  in  its  composition  is  far  from  novel,  some- 
thing or  other  in  its  method  of  manufacture  and  consequent  condi- 
tion, gives  it  such  intensity  of  properties  as  has  never  been  approached 
before. 
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In  the  cabinet  of  the  Stevens  Institute  are  numerous  specimens  of 
phosphorescent  powders  (sulphides  of  calcium,  barium,  and  strontium), 
which  represent  the  best  products  heretofore  obtained.  These,  if 
exposed  to  strong  sunlight  or  to  an  electric  discharge,  or  the  like, 
will  glow  for  many  minutes  in  the  dark. 

One  of  these  clocks,  however,  I  found  would  continue  to  glow  with 
sufficient  brightness  to  be  visible  across  a  room  all  night,  and  could 
be  read  at  any  time  if  approached  closely. 

After  being  shut  up  in  a  box  for  five  days,  this  clock  was  still 
visible  in  total  darkness,  when  the  eyes  had  been  rendered  sensitive 
by  remaining  in  the  dark  for  a  few  minutes. 

This  clock  dial  is  also  readily  "  excited  "  by  lamplight  or  gaslight, 
or  indeed  by  any  source  of  light  containing  rays  above  the  yellow  of 
the  spectrum. 

The  light  from  a  Bunsen  burner  with  soda  in  the  flame,  if  filtered 
through  yellow  glass,  will  not  excite  it  however,  but  if  the  yellow 
glass  is  omitted,  the  blue  rays  of  the  Bunsen  burner  flame  will  serve 
to  excite  the  phosphorescence  of  this  remarkable  material. 

The  cause  of  this  action  is  believed  to  be  somewhat  as  follows  : 
When  light  falls  on  certain  bodies,  its  vibrations  cause  molecular 
changes  which  are  not  permanent,  but  are  only  maintained  by  the 
action  of  the  "exciting"  vibrations,  somewhat  as  a  mass  of  plastic 
substance  can  be  kept  in  a  soft  condition  by  constant  stirring.  When 
the  exciting  cause  is  removed,  the  molecules  return  to  their  normal 
positions,  and  in  so  doing,  set  up  vibrations  which  are  the  cause  of 
light,  very  much  as  the  solidifying  of  water  evolves  heat. 

Thus  these  bodies,  when  exposed  to  daylight,  absorb  as  it  were  the 
light  energy,  and  re-emit  the  same  afterwards. 

The  phosphorescent  property  of  sulphide  of  calcium  has  been 
known  since  1768,  when  Canton  prepared  it  by  heating  together 
intensely  for  an  hour,  three  parts  of  calcined  oyster-shells,  with  one 
part  of  sulphur.  Its  properties  in  this  relation  have  been  elaborately 
studied  by  Becquerel,  who  published  his  researches  in  the  Annales 
de  Cidmie  et  de  Physique,  and  has  also  devoted  a  large  part  of  the 
first  volume  of  his  book,  "  La  Lumiere,"  to  this  subject.  He  found 
that  by  employing  lime  in  different  forms,  such  as  Iceland  spar, 
marble,  oyster-shells,  aragonite,  etc.,  products  emitting  diff"erent 
colors  by  phosphorescence,  such  as  orange,  yellow,  green,  blue  and 
violet,  were  obtained. 
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The  lio;ht  given  out  by  these  clocks  is  a  violet  blue,  like  that  which 
Becquerel  produced  with  aragonite,  but  Becquerel  makes  no  mention 
of  anything  whose  duration  of  luminosity  approaches  that  of  these 
clock  dials. 

In  making  up  some  of  these  preparations,  I  have  noticed  that 
out  of  the  same  batch,  some  portions  will  glow  by  phosphorescence 
much  more  brightly  than  others,  so  that  evidently  this  difference 
iiepends  upon  some  very  small  structural  or  molecular  variation,  and 
there  can  be  little  doubt  that  it  is  by  some  method  of  securing  a 
desirable  condition  of  this  sort,  that  the  remarkable  efficiency  in  these 
<;lock  dials  is  attained. 

If  still  further  advances  should  be  made  in  this  direction,  it  is  easy 
to  imagine  some  very  wonderful  results,  before  which  even  Mr, 
Edison's  new  electric  burner  will  fade  into  insignificance. 

Thus,  if  our  walls  were  painted  with  such  a  substance,  they  would 
absorb  light  enough  during  the  day  to  continue  luminous  all  night, 
and  thus  render  all  sources  of  artificial  light  useless,  superseding  even 
the  new  electric  burners,  no  matter  how  little  they  might  cost,  for  it 
would  then  only  be  necessary  to  provide  curtains,  which  could  be 
drawn  over  the  walls,  like  shades  over  windows,  when  darkness  was 
desired.  The  coloring  of  houses  on  the  outside  with  a  like  material 
would  also  evidently  obviate  the  need  of  all  street-lamps. 

I  do  not,  like  some  of  Mr.  Edison's  friends,  in  reference  to  his  new 
electric  burner,  expect  that  this  still  more  remarUahle  and  econojiiical 
source  of  light  is  certain  very  shortly  to  displace  gas  and  all  other 
sources  of  artificial  illumination,  but  if  conjectures  are  to  be  the  order 
of  the  day,  I  do  not  see  why  this  conjecture  is  not  as  good  as  many 
others  which  have  been  made. 

Seriously,  this  new  form  of  the  phosphorescent  sulphide  of  calcium, 
made  of  the  cheap  materials,  sulphur  and  lime,  is  a  truly  wonderful 
substance,  which  may  well  suggest  strange  possibilities  for  the  future. 


Composition  of  Elements. — By  reasoning  from  analogies  fur- 
nished by  the  action  of  known  compounds,  Lockyer  finds  evidence 
that  many  of  the  supposed  chemical  elements  are  really  compound. 
He  has  devoted  three  years'  careful  research  to  a  comparison  of 
chemical  spectra  with  spectra  of  various  heavenly  bodies. — Comptes 
Rendus.  C. 
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THE   WATER-SUPPLY   OF   THE   KINGDOM   OF 
WURTEMBERG. 

Although  we  live  in  a  comparatively  new  country,  where  few 
streams  are  as  yet  seriously  polluted  by  a  dense  population,  or  by 
manufacturing  industries,  we  have  already  begun  to  feel  the  disad- 
vantage of  the  individual  action,  with  reference  to  water-supply  and 
sewerage,  of  different  towns  in  the  same  drainage-area  or  river-basin. 
The  diflBculties  increase  in  proportion  as  a  country  becomes  more 
densely  populated,  and  it  is  easy  to  explain  the  great  interest  which 
has  been  excited  in  England  by  the  congress  lately  held  under  the 
auspices  of  the  Society  of  Arts,  at  the  suggestion  of  H.  R.  H.,  the 
Prince  of  Wales,  to  consider  the  question  of  the  "National  Water- 
Supply." 

It  is  true  that  the  State  legislatures  exercise  a  general  control 
over  the  establishment  of  water-works,  but  any  one  who  has  watched 
the  passage  of  a  bill  through  the  legislature  or  the  legislative  com- 
mittee, knows  the  variety  of  interests  which  determine  the  advocating 
or  the  opposing  of  such  a  scheme.  It  would  be  of  great  present 
advantage,  if  there  were  in  each  State  some  central  authority  charged 
with  the  general  oversight  of  the  available  sources  of  water-supply. 
That  something  of  the  kind  will  eventually  prove  necessary,  admits 
of  little  doubt.  In  this  connection  something  may  be  learned  from 
the  experience  of  the  Kingdom  of  Wurtemberg,*  which,  as  it  has  an 
area  of  about  7500  square  miles,  may  be  compared,  as  far  as  to  size, 
with  the  State  of  Massachusetts. 

In  the  year  1869,  there  was  created,  in  the  Kingdom  of  Wurtem- 
berg, a  new  office,  that  of  "  Staats-Techniker  flir  offentliche  Wasser- 
werke."  It  was  made  the  duty  of  the  Staats-Techniker  to  superin- 
tend the  planning  and  construction  of  all  public  works  for  the 
utilization  of  the  available  river  and  spring  waters,  and  to  advise,  in 


*  Das  otteiitlichc  \Vas«er-Ver^'orgungs\veseu  im  Koiiigreicli  AViirtteniberg.  Deuk- 
schrift  aus  Anlass  der  intcrnationalen  Ausstellung  fiir  (icsundheitspflege  und  Ret- 
tungswesen  in  Briissel  verfasst  von  Oberbaurath  v.  Eliniann.  Stuttgart.  1870.  4to, 
pp.  i:?7. 

This  work  being  printed  for  private  distribution  only,  is  not  readily  obtainetl. 
Abstracts  are  to  be  found  in  tlie  Correspondenzblatt  der  niederrlieinischen  Vereins 
fiir  (iff.  Gesundheitsptlege,  vi  (1877),  p.  99;  and  in  CSrahn's  stlidtische  Wasserversor- 
gung,  i,  pp.  4-9. 
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matters  of  water-supply,  the  local  authorities  of  any  village,  town  or 
city  within  the  kingdom, — this  advice  including  the  preparation  of 
plans  and  estimates,  and  being  without  cost  to  the  community  asking 
the  advice. 

The  first  to  fill  this  ofiice  was  the  present  incumbent,  Dr.  von 
Ehmann,  an  engineer  of  long  practical  experience,  and  well 
acquainted  with  the  local  conditions. 

The  extent  to  which  the  creation  of  such  an  office  met  a  felt  want, 
appears  from  the  statistics  which  follow. 

The  number  of  communities  availing  themselves  of  the  services 
of  the  Staats-Techniker  with  a  view  of  introducing  a  system  of 
water-supply,  was  as  follows: 


Urban. 

Rural. 

Total, 

During  the 

year  1870, 

70 

<(         (< 

"      1871-2, 

33 

61 

94 

((         II 

"      1873, 

13 

19 

32 

<<         II 

"      1874, 

15 

26 

41 

II         II 

"      1875, 

16 

40 

56 

293 
Previous  to  1870,  works  had  been  consiructed  for  supplying  45 
communities  with  water,  and  up  to  January  1,  1876,  there  have  been 
carried  out,  and  brought  into  actual  operation,  96  distinct  works,  in 
addition  to  those  undertaken  for  supplying  the  so-called  '■'■rauhe  Alb," 
to  which  allusion  will  presently  be  made  ;  so  that,  during  a  period  of 
ten  years,  130  localities,  or  one-fourth  of  the  entire  number  in  the 
kingdom  had  been  supplied  with  water. 

The  most  interesting  part  of  the  work  has  been  the  supplying 
water  for  the  "  rauhe  Alb."  This  district,  which  lies  from  750  to 
800  metres  above  the  level  of  the  sea,  and  some  300  metres  above 
the  surrounding  low  lands,  has  a  width  of  some  33  kilometres,  and  is 
of  such  a  geological  character  that  the  rain-fall  quickly  disappears  in 
the  clefts  of  the  limestone  or  dolomitic  rock,  and  does  not  appear 
again  in  springs  within  the  region.  The  surface  and  rain-water  col- 
lected by  the  inhabitants  in  cisterns  and  in  puddled  cavities  in  the 
ground,  was  not  only  inferior  in  quality,  but  so  insufficient  in  quantity 
that  often  in  cold  or  dry  weather  it  was  necessary  to  bring  water 
from  the  valley  below,  a  distance  of  from  2  to  32  kilometres. 

The  plans  for  supplying  this  district,  containing  between  60  and  70 
villages,  with  some  40,000  inhabitants  scattered  over  an  area  of  22 
square  miles,  were  devised  by  Dr.  v.  Ehmann,  and,  although  at  first 
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there  was  some  opposition,  principally  on  account  of  the  attendant 
expense,  the  plans  were  finally  adopted,  and. have  been  already 
carried  out  to  a  considerable  extent,  generally  with  aid  from  the 
State. 

The  villages  are  divided  into  9  groups,  each  group  forming  a  unit 
for  purposes  of  water-supply.  The  water  is  taken  partly  from 
natural  springs  in  the  lower  land,  and  partly  from  the  ground-water 
by  means  of  wells  and  galleries,  and  is  pumped  by  water-power  to 
the  plateau  above. 

The  height  to  which  the  water  has  to  be  forced  in  order  to  reach 
the  various  distributing  reservoirs,  as  well  as  other  details,  may  be 
learned  from  the  following  table : — 


Group. 

I 

No.  of 
commu- 
nities. 

9 

Total 
inhab- 
itants. 

7525 

Amt.of 
water 
in  cubic 
metres 
per  day. 

600 

Height  to 
wliieh  water 
is  lifted  in 
metres. 

265 

Length  of 
mains  in 
metres. 

34,000 

Source  of 
water. 

Springs. 

11 

8 

7600 

570 

300 

50,000 

Ground- water. 

III 

8 

3600 

270 

180-255 

30,000 

Ground-water. 

IV 

8 

3700 

280 

117-200 

32,0tK) 

Springs. 

V 

fl 

3800 

280 

320 

50,000 

V 

VI 

7 

1700 

J  30 

180 

28,000 

Springs. 

VII 

9 

2000 

170 

220-230 

30,000 

Springs. 

VI 11 

()* 

•4300 

300 

200 

IX 

4 

2900 

200 

173-230 

25,000 

Springs. 

Besides  bearing  the  expense  of  the  preliminary  surveys,  of  the 
plans,  and  of  the  superintendence  of  the  work,  the  State  contributed 
in  some  cases  25  per  cent,  of  the  cost  of  construction,  and  the  work 
had  progressed  so  far,  that,  at  the  time  of  the  last  published  report 
— the  summer  of  1876 — five  of  the  groups,  comprising  34  villages, 
with  17,010  inhabitants,  were  provided  with  a  supply  of  water 
amounting  to  1232  cubic  metres  per  day.  The  total  lengtli  of  pipe 
laid,  up  to  that  time,  was  144,000  metres. 

While  the  problem  of  supplying  a  district  of  such  size  with  water, 
which  must  be  raised  vertically  to  a  height  of  from  200  to  300  metres, 
and  where  the  force-mains  are  from  3  to  10  kilometres  in  length,  is 
an  interesting  one  to  engineers,  the  cooperative  idea,  by  which  the 
various  villages  and  towns  are  treated  as  parts  of  one  whole,  is  inter- 
esting to  all  who  are  engaged  in  matters  of  water-supply.     W.  R.  N. 


*  In  this  district  a  poHion  only  of  the  villages,  namely,  three,  were  supplied   with 
water. 
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Geological  Relations  of  the  Atmosphere.— T.  Sterry  Hunt 

has  investigated  the  geological  bearings  of  the  hypothesis  of  a  uni- 
versal atmosphere,  which  was  proposed  by  Sir  William  Grove,  in 
1843.  He  believes  that  the  carbonic  acid,  which  is  included  in  the  cal- 
careous and  dolomitic  rocks,  must  have  had  an  extra  terrestrial  origin, 
and  that  such  an  origin  can  be  readily  accounted  for,  by  supposing  that 
our  atmosphere  is  part  of  a  universal  cosmical  medium,  which  is  con- 
densed around  centres  of  attraction  in  proportions  depending  on  their 
masses  and  temperatures,  and  occupying  all  the  interstellar  spaces 
in  a  state  of  extreme  rarefaction.  Many  considerations  go  to  show 
that  the  atmospheric  changes  did  not  permit  a  glacial  temperature  at 
the  sea-level  until  towards  the  end  of  the  tertiary  epoch.  Matthieu 
Williams  used  the  same  hypothesis,  in  1870,  to  account  for  solar 
heat,  and  Hunt  employed  it,  in  1874,  to  explain  the  origin  of  nebulae 
and  the  generation  of  elements  by  a  cosmical  chemistry,  in  accord- 
ance with  the  ideas  of  F.  W.  Clarke  and  Lockyer. — Comptes  Mendus. 

C. 

PreSfTVation  of  Iron. — Capt.  Bourdon  has  devised  simple 
forms  of  apparatus  for  coating  iron  with  Barff's  magnetic  lacker. 
In  the  course  of  his  experiments  he  found  that  the  coat  of  oxide 
could  be  formed  by  the  air,  in  the  following  manner ;  The  serpen- 
tine part  of  a  sheet-iron  reservoir,  communicates  with  air  which  is 
heated  to  120°  (248°  F.).  The  current  of  hot  air,  after  circulating 
through  the  serpentine,  reaches  the  cylinder  which  contains  the 
articles  to  be  lackered.  The  escape-spout  communicates  with  a  water- 
aspirator  regulating  the  flow  of  air,  which  should  be  very  gentle. 
The  internal  pressure  is  little  more  than  one  atmosphere,  the  appar- 
atus being  in  communication  with  the  open  air.  The  temperature  of 
the  air  in  the  cylinders  is  280°  (530°  F.) ;  the  operation  lasts  five 
hours,  giving  a  coat  five-hundredths  of  a  millimetre  thick  ("002  in,), 
of  a  beautiful  greenish  black,  resisting  the  action  of  fine  emery- 
paper  and  of  dilute  sulphuric  acid.  After  the  articles  are  taken 
from  the  cylinder,  they  are  rubbed  w^th  a  greasy  rag,  and  spots  are 
removed  by  fine  emery-paper  or  scouring-grass.  Spots  may  gen- 
erally be  avoided  by  suspending  the  pieces,  so  that  they  will  not 
touch  each  other  or  the  walls.  If  the  temperature  is  raised  to  about 
300°  (572°  F.),  a  thick  coat  is  secured,  but  it  is  apt  to  scale.  Articles 
thus  lackered  have  been  exposed  to   snow   and   rain  for  a    month 
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without  getting  any  spots  of  rust.  If  the  black  coating  is  removed  by 
emery-paper,  there  is  a  grayish  layer  on  which  rust  does  not  take  much 
hold ;  the  spots  can  easily  be  removed  by  a  bit  of  hard  wood. 
Barff  has  observed  the  same  peculiarity  in  articles  which  have  been 
steam-lackered. — Ann.  des  F.  et  Chaiiss.  C. 

Night-Temperatures  at  Different  Altitudes.— It  is  often 

Avarmer  upon  mountains  than  in  valleys,  especially  in  severe  winters. 
M.  Alluard  has  found  evidences,  at  the  observatory  of  Puy-de-Dome, 
of  frequent  similar  inversions  at  night,  by  tracing:  1.  The  curves 
of  minimum  temperature,  in  the  two  stations  of  the  observatory. 
2.  The  curves  of  maximum  temperatures,  obtained  under  the  same 
circumstances.  3.  The  curves  of  the  mean  temperatures  of  the  two 
stations,  deduced  from  the  maxima  and  minima.  The  curves  of  mini- 
mum temperature  often  intersect,  in  summer  as  well  as  in  winter,  so 
that  the  summit  of  the  mountain  is  sometimes  5°  (9°  F.)  warmer 
during  the  night  than  the  base.  There  is  no  similar  intersection  in 
the  curves  of  maximum  temperature.  The  inversions  occur  most 
often  when  the  upper  and  lower  currents  are  from  different  quarters, 
but  sometimes  when  the  two  currents  have  the  same  direction. 
Further  observations  are  needed  in  order  to  find  the  cause  of  the 
anomaly. — Comptes  Rendus.  C. 

New  Lunar  Crater. — Dr.  H.  J.  Klein,  in  Cologne,  has  been 
watching  the  moon's  surface  with  special  care  for  about  twelve  years. 
Most  of  the  investigations  of  the  last  century,  by  Schioter,  Herschel, 
Madler  and  others,  have  failed  to  discover  any  active  volcano  in  the 
moon,  so  that  the  opinion  has  become  general  that  our  moon  is  a 
dead  world,  a  burnt  out  and  fossil  heavenly  body.  This  opinion 
must  now  be  given  up,  since  there  is  evidence  of  the  present  activity 
of  powerful  forces  upon  the  moon's  surface.  Dr.  Klein  has  discovered 
a  crater  near  the  centre  of  the  visible  hemisphere  westward  of 
Hyginus,  in  a  broad  level  plain,  appearing  at  the  time  of  the  first 
quarter  as  a  dark  shadowy  gulf  of  about  4,000  metres  (1-24  miles) 
diameter.  Its  inner  surface  exceeds  all  the  present  active  craters  of 
the  earth,  except  that  of  Kilauea  in  Hawaii.  Further  observations 
which  have  been  undertaken,  especially  in  England  and  America, 
will  doubtless  show  whether  its  activity  still  continues. — Deutsche 
Rundschau.  C. 
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Periodic  Movements  of  Flowers  and  Leaves. — The  motions 
which  have  often  been  described,  under  the  names  of  the  sleeping  and 
the  waking  of  leaves  or  flowers,  may  be  referred  to  a  special  point, 
at  the  base  of  the  organ,  which  may  be  called  the  motor  tubercle. 
The  mechanism  consists  of  modifications  in  the  energy  with  which  this 
tubercle  supports  the  movable  organ,  an  energy  which  is  gradually 
restored  during  the  night,  and  gradually  exhausted  during  the  day. 
P.  Bert  has  shown  that  these  facts  may  be  explained  by  supposing 
the  alternate  formation  and  destruction,  in  the  tubercle  of  some 
substance  which  has  a  great  endosmotic  power.  Having  accumulated 
in  great  quantity  towards  the  end  of  the  day,  it  absorbs  the  water 
which  gives  the  nocturnal  tension,  while  its  gradual  diminution  during 
the  day  allows  gravitation  and  other  forces  to  require  an  ascendancy. 
This  material  is  formed  under  the  influence  of  the  red  and  yellow 
rays  of  the  solar  spectrum,  and  is  destroyed  in  darkness,  or  by  the 
action  of  the  blue-violet  region ;  its  collection,  its  formation  and  its 
absorption  of  water  reduce  the  temperature  of  the  motor  tubercle, 
which  is  colder  than  the  surrounding  air  and  than  the  contiguous 
points  of  the  stem.  By  a  series  of  ingenious  experiments  and  chem- 
ical analyses,  Bert  satisfied  himself  that  the  active  absorbing  ingre- 
dient is  grape-sugar,  which  is  prepared  in  the  leaflets,  under  solar 
action,  and  accumulates  towards  night  in  the  motor  tubercle.  The 
design  of  the  movements  seems  to  be,  to  reduce  the  evaporating 
surfaces  to  a  minimum.  Even  the  irritability  of  the  sensitive  plant 
is  a  protection  against  evaporation  by  the  wind,  which  is  the  only 
agent  that  often  disturbs  the  plant,  when  in  its  natural  conditions. 
The  common  impression,  that  changes  of  evaporation  play  an  import- 
ant part  in  the  movements,  seems  to  be  erroneous.  If  a  sensitive 
plant  is  completely  submerged,  the  spontaneous  motions  continue  for 
about  eight  days ;  the  only  diff"erence  being  that  the  sleep  begins 
about  an  hour  earlier  and  ends  about  an  hour  later  than  usual.  The 
destruction  of  the  grape-sugar  goes  on  even  during  the  day,  under 
the  direct  influence  of  the  luminous  rays.  This  may  be  shown  by 
placing  a  drop  of  common  ink  on  the  tubercle  of  a  main  petiole  of  a 
sensitive  plant ;  the  leaf  immediately  bends  so  as  to  show  an  increase 
of  the  subjacent  energy.  A  drop  of  red  ink  produces  no  eff"ect ;  but 
if  a  bit  of  India-ink  is  added,  the  petiole  gradually  moves,  as  the 
India-ink  dissolves. — Comptes  Rendus.  C. 
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The  Sun's  Surface. — At  one  of  the  sessions  of  the  French  Asso- 
ciation, Janssen  described  the  apparatus  which  enabled  him  to  take 
photographs  with  an  exposure  of  yuoVoTT  ^^  ^  second,  and  explained 
the  new  information  which  such  photographs  have  furnished  respecting 
the  upper  surface  of  the  photosphere.  The  polar  regions  are  covered 
with  a  general  granulation,  of  forms,  dimensions  and  distribution 
very  different  from  the  ideas  which  have  been  derived  from  optical 
examination.  Resemblances  to  willow-leaves,  rice-grains,  etc.,  may 
be  occasionally  traced  in  single  points,  but  the  prevailing  and  funda- 
mental form  is  spherical,  and  the  "grains"  appear  to  be  clouds  of 
dust  or  mist  floating  in  a  gaseous  medium.  The  luminous  intensity 
of  the  sun  resides  chiefly  in  a  few  points,  so  that  if  the  whole  surface 
was  as  bright  as  the  most  brilliant  portions,  its  luminosity  would  be 
increased  from  ten-  to  twenty-fold. — La  Nature.  C. 

Curious  Case  of  Heating. — M.  Hirn  reports  some  observations 
connected  with  the  adjustment  of  the  fly-wheel  of  a  steam  engine. 
In  driving  a  large  pin,  one  of  the  assistants  rested  against  its  head 
one  end  of  a  cylindrical  iron  bar  about  1  metre  (39'37  inches)  long 
and  8  centimetres  (315  inches)  in  diameter.  Another  workman 
drove  the  pin  by  striking  upon  the  free  end  of  the  bar.  The  opera- 
tion had  hardly  been  begun,  when  the  first  man  stated  that  at  every 
blow  he  felt  the  bar  grow  very  warm  and  suddenly  cool  again.  M. 
Hirn,  taking  his  place,  found,  to  his  great  astonishment,  that  there 
was  a  great  change  of  temperature,  which  he  estimated  at  about  35° 
(63°  F.).  The  hammer  weighed  about  5  kilogrammes  (11  lbs.);  the 
workmen  lifted  it  about  2  metres  (6-56  feet) ;  supposing  that  the  im- 
pulse of  the  arms  added  a  velocity  equivalent  to  a  fall  of  3  metres 
(9-84  feet),  the  increase  should  have  been  only  013°  (023°  F.),  or 
only  about  -^^^  of  the  observed  eflfect.  M.  Hirn  regards  the  phe- 
nomenon as  subjective,  and  explains  it  as  follows :  "  In  order  to 
observe  the  phenomenon  it  was  necssary  to  stand  very  near  the  bar, 
with  the  head  near  the  path  of  the  hammer,  and  to  seize  the  iron  at 
about  1  centimetre  (f  inch)  from  the  end  which  was  struck.  This 
required  firm  faith  in  the  skill  of  the  workman  who  was  wielding  the 
hammer.  I  hesitated  at  first,  and  seized  the  bar  at  some  distance 
from  its  end ;  nevertheless,  I  felt  a  strong  sensation  of  heat,  the 
source  of  which  seemed  to  be  in  the  interior  of  the  hand,  and  not  on 
the  surface  of  the  metal.  When  I  became  bold  enough  to  take  the 
proper  position,  the  iron  seemed   to  heat  and  cool  rapidly  at  every 
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blow,  the  sensation  of  heat  continuing  only  as  long  as  the  sonorous 
vibrations  which  were  excited  in  the  bar  by  the  blow.  The  best 
explanation  of  these  facts,  as  it  seems  to  me,  is  to  suppose  that  under 
certain  special  circumstances  sonorous  vibrations,  by  agitating  the 
sensitive  nerves,  excite  a  sensation  of  heat  at  the  surface  of  the  body 
analogous  to  the  sensation  of  light  which  is  produced  in  the  eyes  by 
a  blow.  This  explanation,  which  I  oifer  with  some  hesitation,  may 
perhaps  be  tested  by  a  Melloni  thermometer,  by  observing  whether  a 
bar  of  iron,  when  struck  at  one  end,  really  becomes  heated  during  a 
short  interval,  so  intensely  as  seemed  to  be  the  case  in  the  experi- 
ment which  I  have  just  related." — Comptes  Bendus.  C. 

Harmless  Colors. — Brilliant  colors  are  generally  preferred  for 
candies  and  children's  toys ;  thus,  for  red  and  orange,  vermilion  and 
red  lead  are  often  used ;  for  yellow,  chromate  of  lead ;  for  green, 
arseniate  of  copper  or  Scheele's  green  and  Schweinfart  green.  For 
red,  orange  and  intermediate  hues,  harmless  colors  have  been  hitherto 
unknown.  M.  Turpin  has  obtained,  by  combining  oxide  of  zinc  and 
cosine,  red  lacs,  which  resist  the  action  of  light  and  profitably  replace 
the  finest  commercial  vermilions.  By  adding  chromate  of  zinc  in 
varying  proportions,  these  lacs  yield  lively  colors,  which  may  be  used 
as  substitutes  for  red  lead  and  chrome  yellows.  With  ultramarine, 
they  furnish  good  violets.  These  products  are  unchangeable  under 
the  action  of  light  or  heat,  and  can  therefore  be  incorporated  in 
caoutchouc  paste  mixed  with  sulphur,  oxide  of  zinc,  etc.,  and  exposed 
to  the  vulcanizing  process  without  the  least  change  of  color. — Bull, 
de  la  Sac.  d'JSncour.  C. 

Utilization  of  Water-Power  at  Rock  Island. — This  improve- 
ment, intended  to  furnish  water-power  to  the  Government  works, 
begun  in  1867,  is  now  complete. 

It  consists  of  a  canal,  2000  feet  long,  200  feet  wide  at  the  top, 
and  175  feet  at  the  bottom,  and  involved  the  removal  of  10,341,000 
cubic  feet  of  rock.  There  are  two  dams :  the  upper  being  230  feet 
long  and  containing  418,250  feet  of  masonry  ;  and  the  lower  dam, 
726  feet  long  and  containing  168,000  feet  of  masonry.  The  supply 
of  water  is  expected  to  be  20,000,000  feet  per  hour  and  to  develop 
2000  horse-power. 

The  power  is  transmitted  by  two  shafts,  350  feet  long,  each  driven 
by  twenty  water-wheelfc. — Engineering  News.  * 
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Strength  of  American  Railway  Cars.— On  the  23d  of  Octo- 
ber, 1878,  a  southeasterly  gd-le  prevailed  in  the  Middle  States,  which 
was  very  severe  at  Philadelphia. 

The  anemometer  of  the  Signal  Service  recorded  a  velocity  of  the 
wind  of  seventy-five  miles  an  hour.  Several  steeples  were  blown 
down,  and  several  hundred  houses  unroofed  and  otherwise  seriously 
damaged. 

Among  the  structures  thus  injured,  was  the  depot  of  the  Pennsyl- 
vania Railroad,  West  Philadelphia.  It  consisted  principally  of  a 
main  building,  for  waiting-rooms  and  offices,  and  two  sheds,  each  70 
feet  in  width,  and  about*  800  feet  in  length,  extending  northward 
from  the  main  building,  and  on  the  side  of  the  hill  bounding  the 
Schuvlkill  on  the  west.  Immediately  east  of  the  depot,  and  about 
25  feet  below,  are  the  tracks  of  the  Junction  Railroad.  From  its 
situation,  the  eastern  shed  was  greatly  exposed  to  an  easterly  storm. 
During  the  gale  of  October  23d,  about  7  o'clock  A.  M.,  the  shed  was 
blown  over  upon  several  trains  of  cars,  which  were  under  it,  ready  to 
be  dispatched. 

So  great  was  the  strength  of  these  cars,  that  they  held  up  the 
wreck.  The  10-inch  cast-iron  columns,  25  feet  long,  that  supported 
the  roof-girders,  fell,  in  many  cases,  directly  against  the  cars  with  the 
force  due  to  their  own  weight  and  that  of  the  whole  roof,  probably  at 
least  6  tons  to  each  column,  impelled  by  the  force  of  the  wind  added 
to  that  of  gravity. 

Notwithstanding  this,  not  one  of  the  cars  was  wrecked.  In  one 
instance,  a  column  struck  a  car  near  the  middle,  and  snapped  oft',  but 
the  framework  of  the  car  was  not  broken ;  the  lower  part  of  the 
column  rested  against  the  car — the  upper  part  on  its  roof. 

It  has  been  frequently  remarked  that  in  railroad  accidents  in  En- 
gland, the  fatality  and  wounding  are  greater  than  in  the  United 
States,  owing  to  the  fact  that  the  English  cars  are  not  built  to  stand 
any  extraordinary  blow,  and  in  the  event  of  a  collision  or  derailment, 
the  cars  are  splintered  to  a  greater  extent  than  in  this  country;  but 
it  is  so  rare  that  a  test  like  the  above  occurs,  that  we  think  it  worthy 
of  a  permanent  record. 

A  car  that  will  stand,  without  injury,  the  impact  of  a  10-inch 
cast-iron  column,  with  6  tons  of  extra  weight,  driven  by  a  gale  of 
seventy-five  miles  an  hour,  contains  an  excess  of  strength  that  is  very 
assuring  to  the' traveler.  R. 
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Dr.  S.  M.  Plush  Battery  Cell. — This  battery  cell  is  a  modification 
of  tlie  Callaud  battery,  and  consists  of  the  glass  jar,  a,  of  the  usual 
proportions,  having  at  the  bottom  a  copper  plate  upon  which  is  placed 
sulphate  of  copper,  and  has  attached  to  it  the  insulated  wire,  d,  forming 
the  positive  pole.  About  half-way  down  the  inside  of  the  glass  jar  is 
the  shelf,  6,  a  perforated  sheet  of  copper, 
upon  which  is  placed  pieces  of  zinc  of  any  form. 
The  shelf  is  suspended  by  three  strips  of  copper, 
one  of  which,  c,  constitutes  the  negative  pole. 
With  this  form  of  cell,  the  zinc  of  commerce 
can  be  broken  into  pieces  of  suitable  size  and 
used  without  any  other  preparation,  and  the 
zinc  can  all  be  consumed ;  while  in  the  Callaud 
battery,  the  zinc  must  be  cast  into  suitable  form, 
involving  some  loss  of  metal  and  expense,  and 
as  a  considerable  percentage  of  the  zinc  of  such 
castings  is  not  consumed  it  must  be  re-melted 
at  still  further  loss.  Another  advantage  is  that  the  sulphate  of 
copper  can  be  fed  into  the  bottom  of  the  cell  through  the  opening 
left  by  turning  up  one  side  of  the  shelf,  h,  and  broken  zinc  placed  upon 
the  shelf,  without  disturbing  an}'  of  the  connections,  thus  making  the 
battery  absolutely  continuous.  Objection  has  been  urged  that  there 
will  be  local  action  between  the  zinc  and  the  copper  of  the  shelf,  but 
Dr.  Plush  holds  that  practically  no  such  action  can  take  place,  as 
there  is  really  no  closed  circuit  between  the  pieces  of  zinc  and  the 
copper.     Lead  may  be  substituted  for  copper  in  making  the  shelf,  h. 

Cost  of  Street  Lighting  by  Electricity  in  Paris.— At  a 

recent  meeting  of  the  Society  of  Arts,  Mr.  Jas.  N.  Shoolbred  read 
a  paper  "  On  the  Practical  Application  of  Electricity  to  Lighting 
Purposes,"  giving  the  particulars  of  cost  of  plant  and  of  operating 
electric  lights  under  a  variety  of  circumstances,  and  by  several  dif- 
ferent systems. 

Of  the  various  streets  and  other  places  in  Paris,  lit  up  by  the 
Jablochkoff  system,  the  Avenue  de  1' Opera  is  the  one  which,  from 
its  central  position,  has  attracted  most  attention,  and  therefore,  will 
be  taken  here  as  a  type  example. 

The  Avenue  de  I'Opera,  including  the  Place  de  I'Opera  at  one  end, 
and  the  Place  du  Theatre  Fran^ais,  are  lit  up  by  62  lights  ;  46  single- 


64  Street  Lighting  by  Electricity.  [jour.  Frank.  Inst., 

candle  and  eight  double-candle  (on  the  Place  de  I'Opera).  Originally, 
only  about  10  were  provided,  but  the  illumination  being  insufficient, 
the  number  was  augmented  (at  the  contractor's  expense)  to  the 
amount  just  stated. 

These  are  divided  into  four  groups;  one  on  the  Place  de  I'Opera, 
two  in  the  Avenue  de  I'Opera,  and  one  on  the  Place  du  Theatre 
Francais.  Each  group  of  lights  is  supplied  with  electricity  from  a 
(double)  Gramme  "16  light"  machine,  driven  by  an  engine  of  20 
nominal  h.  p. 

A  very  considerable  amount  of  mystery  has  been  kept  up  by  the 
patentees  of  this  system  as  to  the  cost  of  it.  The  expense  they 
state  it  to  be  is  (1-00  francs)  llt^.,  nearly,  per  light  per  hour,  which 
they  hope,  so  it  is  said,  shortly  to  reduce  by  one-half.  However,  the 
payment  to  the  patentees  by  the  City  of  Paris  is  at  a  rate  of  1-25 
francs  per  hour  on  each  of  the  original  lights  stipulated  in  the  con- 
tract, the  augmentation  to  62  being  entirely  gratuitous  by  the  con- 
tractor and  in  order  to  keep  up  an  effective  illumination.  The  total 
remuneration  is  37-2  francs  (29s.  ^d.)  per  hour.  The.  original  gas 
illumination  consisted  of  344:  jets,  and  costs-7-224  francs  (6s.)  per 
hour.  The  electric  illumination  is  considered,  however,  as  equal  to 
682  gas  jets,  say,  to  double  the  original  illumination ;  that  is,  to  a 
cost  of  14'45  francs  per  hour,  as  against  372  francs  for  the  electric 
one.  The  latter,  therefore,  cost  2-6  times  that  of  the  gas  of  equal 
illuminating  intensity. 

Need  it  be  added  that  the  City  of  Paris  have  terminated  the  con- 
tract with  the  last  day  of  November. 

The  contractors  have,  however,  offered  to  continue  the  contract  at 
the  reduced  rate  of  0-60  francs  (6c;?.)  per  light  per  hour.  The 
Municipal  Council  of  Paris  have  declined  to  continue  any  contract, 
except  provisionally,  up  to  January  15th,  1879,  and  that  only  at  the 
rate  of  the  original  cost  of  the  gas,  viz. :  at  a  total  expense  of  7'224 
francs  (6s.  nearly)  per  hour.  By  information  lately  received  from 
Mons.  Allard,  the  chief  engineer  of  the  lighting  department  of  the 
City  of  Paris  (under  the  engineer-in-chief,  Mons.  Alphand),  and  by 
whom  the  above  details  have  been  kindly  communicated,  the  contrac- 
tors for  the  lighting,  the  Societ(;  Gondrale  d'Electricitd,  have  con- 
sented to  undertake  the  liiihtinf;  at  the  above  reduced  rate.  The 
price  paid  to  them,  therefore,  will  be,  up  to  January  15th  next,  at 
the  highly  remunerative  rate  of  about  l\d.  per  light  per  hour. 
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A  series  of  very  careful  photometric  measurements  carried  out  by 
the  Municipal  authorities  in  the  Avenue  de  I'Opera  itself  with  the 
existing  illumination,  showed  each  light  to  possess  a  maximum  of  300 
candles  of  intensity  with  the  naked  light ;  while  by  the  interposi- 
tion of  the  opaque  globe,  the  maximum  was  reduced  to  180  candles 
(a  loss  of  40  per  cent.),  and  this  again  to  a  minimum  of  90  candles 
during  the  darker  periods  through  which  this  light  passed. 

Many  other  applications  of  the  Jablochkoff  candles  with  the 
Gramme  machine  occur  in  Paris,  such  as  at  the  Magazins  and  the 
Hotel  du  Louvre,  at  the  Theatre  du  Chatelet,  at  the  Hippodrome,  at 
the  Hotel  Continental,  etc.  Still,  as  in  none  of  these  cases  have  the 
financial  results  been  ascertained  on  such  good  authority  as  in  the 
case  of  the  Avenue  de  I'Opera,  it  has  been  thought  advisable  to  pass 
them  over.  The  main  object,  held  constantly  in  view  in  the  present 
communication,  has  been  to  ascertain  the  carefully  prepared  financial 
results  of  a  few  applications,  which  have  been  supplied  on  unim- 
peachable authority,  rather  than  to  attempt  to  present  those  of  a 
larger  number,  in  some  of  which  the  results  might  have  been  open 
to  doubt.  * 
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Formula  for  the  Calculation  of  Railroad  Excavation  and 
Embankment,  and  for  Finding  the  Average  Haul.  By 
John  W.  Davis,   C.  E.     8vo.,  pp.  106.     Gilliss  Bros.,  N.  Y., 

1877. 

The  second  edition  of  a  work,  and  the  fact  of  it  being  adopted  by 
the  most  important  schools  in  a  country,  is  sufficient  endorsement  of 
Dublic  favor  to  clearly  demonstrate  its  merits. 

The  "average  haul"  has  been  added;  a  point  of  the  highest 
interest  to  contractors  and  engineers.  We  feel  sorry  that  the  calcu- 
lations of  the  same  were  not  done  without  the  assistance  of  "  cal- 
culus," as  the  so-called  "practical  men"  may  be  familiar  with 
general  mathematics,  and  not  with  its  higher  branches.  Those 
who   have    these    advantages,  will  be  able  to  understand   that  the 
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"average  haul"  is  the  distance  between  the  centre  of  gravity  of  the 
material  as  found,  to  its  centre  of  gravity  as  deposited  ;  and  also  why, 
when  monthly  estimates  are  made,  these  correspond  to  the  total  of 
the  smaller  cross-sections,  and  would  consequently  be  a  proof  that 
all  previous  work  had  been  accurately  executed.  Those  familiar 
with  railroad  excavation  and  embankment,  know  that  this  is  not  the 
case  when  the  ordinary  formal <v!  are  adopted. 

We  can  only  say  in  conclusion  that  it  is  to  be  hoped  that  the 
adaptation  of  Mr.  Davis's  formulae  will  give  the  exact  volume  corres- 
ponding to  regular  or  irregular  sections,  and  that  it  is  to  be  greatly 
regretted  that  the  various  mathematical  formula)  (that  the  engineer 
has  at  his  disposal)  for  the  calculation  of  earth  work  do  not  agree  in 
their  final  results.  W. 


Metals  and  their  chief  Industrial  Applications.  By  C.  R. 
Alder  Wright,  D.  Sc,  etc.  12mo,  pp.  191.  Macmillan  &  Co., 
London,  1878. 

It  is  difficult  to  write  on  "  Metals  and  their  chief  Industrial  Appli- 
cations," and  show  any  great  originality,  as  one  has  at  his  disposal 
many  thousand  examples  and  theories.  Notwithstanding,  the  author 
has  succeeded,  in  many  cases,  in  explaining  to  his  reader,  in  an 
intelligent  and  simple  manner,  several  facts  pertaining  to  metallurgy 
which  appear  complicated  to  beginners.  He  supposes,  without  a 
doubt,  that  we  are  all  familiar  with  the  principles  of  chemistry  and 
the  elements  of  physics — as  it  would  be  hardly  possible  to  compre- 
hend the  various  processes  adopted  for  native  metals,  simple  ores 
(oxides,  chlorides,  fluori'des,  etc.,  and  also  sulphides,  carbonates) — 
nor  could  we  realize  the  exact  meaning  of  absorption  or  evolution  of 
heat,  nor  the  calculations  pertaining  to  the  value  of  caloric  dis- 
tubance  when  the  reactions  take  place  at  a  given  temperature.  The 
manufacture  of  pens,  pins,  looking-glasses,  etc.,  being  the  examples 
chosen  to  illustrate  the  industrial  applications  of  the  above,  have  been 
most  iudicious,  as  the  comprehension  of  these  does  not  necessitate 
deep  scientific  knowledge,  and  represents  objects  with  which  the 
general  reader  is  familiar. 

We  consider  the  title,  chief  industrial  applications,  not  exact,  as 
but  the  minor  and  simpler  ones  have  been  mentioned.  This  little 
work  is  written  in  a  pleasing  and  modest  style,  and  has  not  the  pre- 
tension of  being  complete  ;  but,  on  the  contrary,  is  but  an  outline, 
where  the  general  principles  have  been  observed,  a  portion  of  the 
same  being  a  course  of  lectures  delivered  at  the  Royal  Institution  of 
Great  Britain,  in  1877,  by  the  author.  W. 
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Electric  Lighting.  A  partial  treatise,  from  the  French  of  Hippo- 
lyte  Fontaine,  by  Paget  Higgs,  Assoc.  Inst.  C.  E.,  etc.  E.  & 
F.  N.  Spon,  London  and  New  York,  1878.  8vo,  194  pp. 
Price,  $3.00. 

This  translation  supplies  a  place  in  English  scientific  literature,  in 
giving  the  fullest  information  down  to  the  most  recent  date,  in  plain, 
popular  language,  of  the  practical  operation  and  mechanism  of  the 
electric  light.  The  electrical,  dynamic  or  physical  theories,  which, 
in  their  relations  to  the  production  of  light  or  force  by  electricity, 
open  fields  of  abstruse  interest  to  the  student,  are  left  almost 
unconsidered,  but  here  will  be  found,  in  words  that  any  one  can  read 
and  comprehend,  what  has  been  done  to  produce  the  electric  light  in 
various  ways,  what  apparatus  has  been  employed  in  so  doing,  fully 
illustrated  by  well  executed  wood-cuts,  and  clearly  described  in  the 
well  printed  text.  The  historical  portion  is  somewhat  brief,  and  the 
earlier  efforts  have  been  left  without  so  full  description  or  illustration 
as  would  be  wished  in  a  more  thorough  study,  but  in  Chapter  IV 
the  subject  of  dynamo  machines  is  approached  with  much  complete- 
ness, so  that  the  references  can  be  followed  if  any  one  desires  ;  and 
the  subsequent  chapters,  if  they  do  give  undue  prominence  to  the 
machine  and  practice  of  M.  Gramme,  they  also  convey  to  the  reader 
a  complete  view  of  the  working  of  machines  and  of  lights.  In  fact, 
the  book  is  somewhat  partisan  in  its  appreciation  of  M.  Gramme  and 
his  share  in  the  invention  of  the  dynamo-electric  machine,  but  this 
advocacy  may  be  admitted,  and  the  work  will  still  have  the  highest 
merit. 

The  relations  of  three  explorers  of  this  field  of  science  may  be 
stated.  In  1852,  Dr.  Page,  of  Washington,  made  a  machine  for  a 
motor  on  a  railroad.  This  machine  had  many  features  in  correspond- 
ence with  the  dynamo-electric  machines  of  to-day,  and  had  Dr.  Page 
recognized  the  fact,  and  worked  upon  it,  there  is  a  strong  prob- 
ability that  it  would  have  been  the  immediate  precursor  of  a  system 
of  dynamo-electric  machines.  In  1861  and  1864,  Prof.  Pacinotti, 
of  Pisa,  not  only  devised  and  constructed  an  electric  motor,  but,  in 
the  last  named  year,  he  described  its  application  and  usefulness  as 
a  means  of  producing  electric  force,  in  such  words  that  any  person 
could  thus  apply  it.  It  was  like  a  man's  constructing  a  watch  with 
a  key,  and  giving  a  written  description  how  to  wind  it  so  that  it 
would  go,  and  the  watch  should  never  run  for  want  of  winding.  In 
1869,  M.  Gramme  produced  his  machine,  "  identical  in  principle  " 
with  that  of  M.  Pacinotti  (to  use  the  words  of  M.  Fontaine),  and  he 
at  once  proceeded  to  press  and  develop  its  capability. 

*  *  *  The  reader  is  referred  to  the  book  under  review  for  more 
complete  information,  and  if  he  has  any  interest  on  the  subject  of 
electric  lighting,  he  will  assuredly  find  this  work  very  interesting. 

B. 
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Franklin    Institute. 


Hall  of  the  Institute,  Dec.  18th,  1878. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the 
President,  Dr.  R.  E.  Rogers,  in  the  chair. 

There  were  present  135  members  and  31  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers, 
and  reported  that  at  the  last  meeting  there  were  18  persons  elected 
members  of  the  Institute,  and  the  following  donations  to  the  Library 
were  reported : 

Proceedings  of  the  12th,  14th  to  16th,  and  24th  annual  meetings 
of  the  Board  of  Supervising  Inspectors  of  Steam  Vessels.  Wash- 
ington. From  the  Board. 

Circulars  of  Information  of  the  Bureau  of  Education.  No.  1, 
1878.  From  the  Commissioner  of  Education. 

Annual  reports  of  Trustees  of  the  Metropolitan  Museum  of  Art. 
New  York.     For  1872,  1873,  1875,  187G  and  1878. 

From  the  Trustees  of  the  Museum. 

Reports  of  the  supervising  architect  of  Treasury  Department. 
Washington.      For   1876    and    1877. 

From   the    Supervising   Architect. 

Report  on  cold  rolled  iron  and  steel,  by  R.  H.  Thurston.     1878. 

From  Jones  &  Laughlins,  Pittsburg. 

Reports  of  United  States  Light-House  Board,  1873-75  inclusive. 

From  the  Board. 

Report  of  Chief  Signal  Officer  of  War  Department. 

From  the  Chief  Signal  Officer. 

On  proposed  removal  of  Smith's  Island,  by  L.  M,  Haupt. 

From  Engineers'  Club,  of  Philad'a. 

Bibliographical  Contributions,  by  Justin  Winsor.  No.  1.  Cam- 
bridge, 1878. 

Reports  of  Department  of  Marine  and  Fisheries,  Canada.  For 
1868,  1869,  1871,  1873,  1874  and  1877,  and  supplements  1  to  3  to 
report  for  1874  ;  and  1  to  4  to  report  for  1877. 

From  W.  Smith,  Deputy  Minister  of  Marine,  Department  of 
Marine  and  Fisheries,  Canada. 
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Mode  of  Combustion  in  the  Blast  Furnace  Hearth,  by  J.  A.  Church. 
1878.  From  the  Author. 

Short  Memoirs  on  Meteorological  Subjects,  by  C.  Abbe. 
Dissipation  of  Electricity  in  Gases,  by  D,  Bobonlieff. 

From  C.  Abbe. 

Specifications  and  drawings  of  patents,  issued  from  the  U.  S. 
Patent  Office,  for  June  and  July,  1878.     Wash.,  1878. 

From  the  Commissioner  of  Patents. 

Transactions  of  the  Royal  Irish  Academy.  Vol.  25,  jSTovember, 
1875 ;  Vol.  26,  January,  March,  May  and  June,  1876. 

Proceedings  of  the  Royal  Irish  Academy.     Vol.  10,  1870. 

List  of  Council,  Officers  and  Members,  of  the  Royal  Irish  Academy. 
1876. 

Pharaoh's  Daughter  ;  a  drama  on  the  plan  of  the  mystery  and 
parable  play,  etc.     London.     2  Vols.,  1868  and  1874. 

From  the  Royal  Irish  Academy^ 

Meteorology  of  the  North  Atlantic,  during  August,  1873,  by 
Henry  Toynbee.     London,  1878.     2  Vols.     Text  and  Plates. 

Statistical  sketch  of  South  Australia,  by  Josiah  Boothby.  Lon- 
don, 1876.  From  the  Author. 

Bulletins  10  and  12,  of  the  United  States  National  Museum, by 
David  S.  Jordan. 

Bulletins  No.  1,  2d  Ser. ;  No.  3,  Vol.  2;  and  Nos.  2  and  3,  Vol. 
4,  of  the  United  States  Geological  and  Geographical  Survey  of  Ter- 
ritories.    Wash.,  1875-76,  and  1878. 

First  annual  report  of  the  United  States  Entomological  Commis- 
sion, for  the  year  1877,  relating  to  the  Rocky  Mountain  Locust. 
Wash.,  1878. 

Miscellaneous  publications  Nos.  9  and  10,  of  the  United  States 
Geological  Survey  of  the  Territories.     Wash.,  1877  and  1878. 

First,  second  and  third  annual  reports  of  the  United  States  Geo- 
logical Survey  of  the  Territories,  for  1867,  1868  and  1869.  Wash., 
1873. 

Geological  and  Geographical  Atlas  of  Colorado  and  portions  of 
adjacent  territory,  by  F.  V.  Hayden,  U.  S.  Geologist  in  charge. 
1877.  From  the  Secretary  of  Department  of  the  Interior. 

Report  of  the  Chief  Engineer  of  Illinois  and  St.  Louis  Bridge  Co. 
Oct.,  1871.     St.  Louis.  From  the  General  Manager. 

Reports  of  the  Department  of  Marine  and  Fisheries,  Canada,  for 
1872,  1875  and  1876 ;  and  supplements  to  reports,  for  years  1873, 
1875,  1876.  From  Hon.  Wm.  Smith,  Deputy  Minister  of  Marine 
Department  of  Marine  and  Fisheries,  Canada. 
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First  to  third,  and  fifth  to  seventh  annual  reports  of  the  American 
Railway  Master  Mechanics'  Association,  1868  to  1870,  and  1872  to 
1874.  From  the  Secretary  of  the  Association. 

Twenty-sixth  annual  report  of  the  Council  of  City  of  Manchester, 
on  the  working  of  the  free  public  libraries,  1877-78.  Manchester, 
1878.  From  the  Council. 

Illustrated  catalogue  of  Morris,  Tasker  &  Co.'s  Works,  Philadel- 
phia.    11th  and  12th  classes.  From  E.  Hiltebrand. 

Annual  report  upon  the  improvement  of  the  South  Pass  of  the 
Mississippi  River,  showing  the  condition  of  the  works  on  June  30th, 
1878.     By  M.  R.  Brown.  From  the  War  Department,  Wash. 

Annual  report  of  the  Secretary  of  War,  for  the  year  1878. 

From  the  Secretary  of  War. 

The  Actuary  also  reported  a  resolution  from  the  Board  of  Man- 
agers, asking  the  appointment  of  a  committee  to  report  upon  certain 
questions  in  connection  with  completing  the  awards  of  medals  recom- 
mended by  the  Committee  on  Science  and  the  Arts. 

The  Secretary  reported,  from  the  Committee  on  Science  and  the 
Arts,  a  resolution,  looking  to  the  same  end,  and  also  the  recom- 
mendation of  the  award  of  the  Scott  Legacy  Medal  and  Premium  to 
D.  K.  Miller,  for  his  padlock. 

Prof.  E.  J.  Houston  gave  a  description  of  the  system  of  dividing 
the  electric  light,  devised  by  himself  and  Prof.  E.  Thomson,  including 
a  new  form  of  induction  apparatus,*  and  a  vibrating  lamp  using 
rever.'^e  currents,  the  principle  involved  in  which  they  think  will  solve 
the  problem  of  producing  small  electric  lights  economically. 

The  Secretary's  Report  embraced  the  Janney  car-coupler  and 
platform  ;t  Dr.  S.  M.  Plush's  battery  cell  ; J  Aldred  k  Spielman's 
horse-car  rail;  .J.  Reynolds  k  Son's  shaking  and  cinder-grinding 
grate ;  Pike  &  Heath's  hand-pump ;  and  the  Needham  musical 
cabinet. 

The  President  announced  that  in  accordance  with  Section  7  of 
Article  XIV  of  the  By-Laws,  nominations  sliould  be  made  at  this 
meeting  for  a  President,  .Secretary  and  Treasurer  to  serve  one  year, 
eight  Managers  and  one  Auditor  to  serve  three  years,  and  one  Man- 
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ager  to  serve  two  years,  to  fill  a  vacancy  in  the  Board,  to  be  voted 
for  at  the  annua]  election,  on  the  third  Wednesday  in  January  next ; 
whereupon  the  following  members  were  placed  in  nomination : 

For  President,  Wm.  P.  Tatham  and  J.  E.  Mitchell. 

For  Vice-President,  J.  E.  Mitchell  and  Henry  Cartwright. 

For  Secretary,  J.  B,  Knight. 

For  Treasurer,  Frederick  Fraley. 

For  Managers,  Elihu  Thomson,  Hector  Orr,  Cyrus  Chambers,  Jr., 
Thomas  Shaw,  Henry  R.  Heyl,  G.  M.  Eldredge,  J.  G.  Baker,  John 
Hal],  Henry  Cartwright,  Robert  Briggs,  Wm.  Sellers,  J.  V.  Merrick, 
Charles  S.  Heller,  J.  Smetherst,  W.  V.  McKean,  R.  E.  Rogers, 
Charles  M.  Cresson,  Wm.  H.  Thorne.  Henry  Asbury. 

For  Auditor,  Samuel  Mason. 

For  Representative  in  Pennsylvania  Museum  and  School  of  Indus- 
trial Art,  J.  B.  Knight. 

The  President  appointed  the  following  members  to  act  as  tellers  at 
the  annual  election,  to  be  held  on  Jan.  loth,  1879:  W.  A.  Rollin, 
W.  L.  Dubois,  Wm.  Taggart,  John  Canby,  Geo.  Gardom,  Samuel 
Sartain,  G.  M.  Sandgran,  J.  W.  Nystrom,  Chas.  Bullock,  J.  J. 
Weaver,  W.  B.  Cooper. 

On  motion  of  Mr.  Close,  it  was 

Resolved,  That  in  balloting  for  Managers  at  the  next  annual  elec- 
tion, those  receiving  tlie  eight  highest  number  of  votes,  shall  be 
declared  elected  for  three  years,  and  the  one  receiving  the  next 
highest  number  of  votes,  shall  be  declared  elected  to  fill  the  vacancy. 

On  motion  of  Mr.  Heyl,  it  was 

Resolved,  Tliat  the  Secretary  be  directed  to  have  printed,  a  suffi- 
cient number  of  lists  of  nominations,  to  serve  as  ballots  at  the  annual 
election,  and  also  to  send  one  such  list  to  each  member,  with  the 
notice  of  the  next  stated  meeting. 

• 

On  motion  of  Mr.  Eldredge,  it  was 

Resolved,  That  action  on  the  resolutions  from  the  Board  of 
Managers  and  from  the  Committee  on  Science  and  the  Arts  relating 
to  awards  of  medals,  be  postponed  to  the  next  stated  meeting. 

The  following  letter  was  read  : 
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Philadelphia,  S.  E.  Cor.  5th  and  Walnut  Sts., 
December  IQth,  1878. 
J.  B.  Knight,  Esq., 

Secretary  Franklin  Institute. 

Dear  Sir : — I  am  having  a  design  made  for  a  new  "  John  Scott 
Medal,"  more  attractive  and  of  more  intrinsic  value  than  that  here- 
tofore awarded ;  and  as  there  are  some  applications  now  pending 
before  the  Board  of  Directors  of  City  Trusts,  and  some  already  favor- 
ably acted  upon,  I  am  anxious  to  get  the  matter  all  completed  at  an 
early  day. 

I  write  to  know  whether  you  used  any  particular  form  of  "  Certif- 
icate of  Award,"  to  accompany  the  Medal  and  the  twenty  dollars, 
when  the  awards  were  made  by  your  Institution,  as  I  think  it  would 
be  well  to  retain  the  old  form  as  far  as  possible.  If  you  did,  would 
you  kindly  let  me  have  a  copy  of  it.         Yours,  truly, 

Charles  H.  T.  Collis, 
Ohm.  Com.  on  Minor  Trusts. 

Mr.  W.  P.  Tatham,  through  the  Secretary,  oifered  the  following 
preamble  and  resolutions,  which  were  unanimously  adopted : 

Whereas,  By  a  letter  from  the  Chairman  of  the  Committee  on 
Minor  Trusts,  to  the  Secretary  of  the  Franklin  Institute,  the  Institute 
is  informed  that  the  said  Committee  are  proceeding  to  distribute  the 
Scott  Legacy  Premiums  and  Medals,  which  have  heretofore  been 
awarded  by  the  Franklin  Institute ; 

Resolved,  That  the  Committee  on  Science  and  the  Arts,  and  the 
Board  of  Managers,  be  directed  to  suspend  all  examinations  and 
proceedings  looking  to  such  awards. 

Resolved,  That  the  Secretary  be  directed  to  reply  to  the  Chairman 
of  the  Committee  on  Minor  Trusts,  that,  as  the  awards  of  the  Scott 
Legacy  Medals  and  Premiums  heretofore  made  by  the  Franklin 
Institute,  have  been  made  only  after  a  careful  examination  by  a 
committee  of  experts,  a  copy  of  whose  report  always  accompanies 
the  Medal,  they  have  used  "no  particular  form  of  Certificate  of 
Award  ; "  and  in  reply  to  that  portion  of  his  letter  expressing  a  desire 
to  "retain  the  old  form"  while  changing  the  substance,  to  say  that 
as  the  value  of  a  medal  depends  upon  the  care  and  discrimination 
exercised  in  awarding  it,  there  would  be  manifest  injustice  to  those 
persons  to  whom  the  Committee  of  the  Franklin  Institute  have 
awarded  Medals  inscribed  "to  the  most  worthy,"  and  whose  inven- 
tions have  stood  the  test  of  an  intelligent  investigation,  to  use  the 
same  forms  for  awards  made  on  different  principles. 

On  motion,  the  meeting  adjourned. 

J.  B.  KNKiHT,  Secretary. 
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MACHINES    FOR    MAKIXG    ICE,  USING   SULPHUROUS 
ACID  OR  AMMONIA  IN  THE  PROCESS. 
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TrdihskdaJ*  bji  Bohf.  Brif/f/s,  C  K. 


The  result  ucc<)iii])lislu'(l  hy  a  Jiiaehine  in  making!:  ice  and  its  corrcs- 
pomliiig  expenditure  of  foree  ean  be  investigated  as  follows: 

Tn  order  to  ascertain  with  exactness  the  useful  elfeet  of  a  freezijig- 
machine  it  is  needful  tii'st  to  establish  the  theoretic  maxinuun  etiect 
"whidi  it  can  ])ro(luce,  and  then  make  a  comparison  of  ideal  result  with 
"what  may  be  derived  in  practice. 

[The  difference  between  the  theoretic  and  experimental  results  will 
represent  the  losses  incident  to  the  mechanisms  employed  and  to  the 
j)rocess  followed;  being  in  one  cuse  loss  of  power  from  friction  of 
})arts  or  of  heat  from  radiation  from  the  a])})aratus,  and  in  the  other 
the  Ijcat  expended  and  transmitted  over  and  above  that  absolutely 
demanded  for  mechanical  effect  or  required  to  be  removed  for  refrig- 
eration. These  losses  are  grouped  in  the  original  under  the  apj)ella- 
tion  of  "  pa.ssive  efforts."] 

'■The  paragraphs  in  [brackets]  are  amendments  or  additions  to  tlie  original. 

Whole  No.  Voi,.  ('VII. — (Tiiihd  Series,  Vol.  Ixxvii.j  0 
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1st.  \\  lien  inakiiiji'  i<v  h\  any  })r(Hr.<s  whatever,  it  is  indispensable 
t<t  take  up  tlie  (piantity  of  lieat  Avliieh  is  set  free  by  the  eon^elation  of 
water,  and  to  carry  that  quantity  of  lieat  to  water  liavinj;  tlie  teni])er- 
ature  of  the  surrounding-  air,  wliich  temperature  is  always  tibove  the 
|)(»int  of  freezing:,  and  generally  varies  between  +  10°  and  +  '^0° 
<'»ntigrade. 

[Throughout  this  translation  metric  values  for  temperatures  and 
quantities  of  all  kinds  will  be  u.sed.] 

lM.  The  meehanieal  theory  of  heat  furnishes  a  general  fornuda, 
which  expresses  the  maximum  of  labor  to  be  expended  in  obtaining 
this  result.  Calling  q  =  a  certain  (piantity  of  lieat  which  is  made  to 
pa»  from  the  lower  temperatiu'c  ^  Mo  a  higher  one  =  /',  and  calling 
./  =  the  mechanical  e(|uivalent  of  heat,  equal  to  4.*31  kilogram-metres, 

1                                                    ^'-'       /        1   1 
we  lia\c  :  7  • ■ ./  =  lal)or  necessju'v. 

274°  -r  f 

[This  formula  mav  be  elucidated  in  the  following  way.  The  physicjil 
|»henomcnou  on  which  all  the  machines  for  ice  making  is  ba.sed  is  the 
relation  of  the  sensible  heat  of  ga.^eous  bodies  to  their  densities.  A 
gas,  having  a  sensible  temperature  below  the  freezing  point  of  water, 
is  permitted  to  take  up  a  certain  quantity-  of  heat  of  refrigeration  of 
watci".  It  is  then  compres.sed  by  mechanical  force  until  it  shall  have 
attained  some  given  temperature  above  that  of  a  water  supply  at  the 
dis|»osal  of  the  apparatus,  the  water  from  which  shall  now  take  ujt  and 
carrv  oft"  the  (piantity  of  heat  originally  inq)arte(l  t«»  the  gas,  when  the 
gas  being  permitted  to  exj)an<l  (and  in  a  ])erfeet  aj)paratus  to  give  out 
its  force  of  expansion  to  the  machine)  to  its  original  density,  it  will  1m' 
j>rej)ared  to  receive  another  charge  of  hejit,  and  the  conq)let(!  cycle  of 
operation  will  have  been  established. 

Let  (^  be  the  (piantity  (»f  heat  preseut  in  a  dcHuite  volume  of  the 
transfer  medium — the  gas — at  the  time  when  it  is  in  condition  to  absorb 
the  heat  (►f  congelation  ;  let  7  be  the  quantity  of  heat  imj)arted  to  the 
transfer  medium  by  the  congelation  ;  then  Q  -\-  q  =:  quantity  of  heat 
in  transfer  medium  at  some  definite  condition  of  energy,  and  sensible 
temperature  =  /  which  is  to  be  elevated  by  mechanical  eflfbrt  to  f  for 
the  purpose  of  allowing  7  to  |)ass  ofl".  Let  the  weight  of  the  medium 
emplovcd  ^=  IT;  then  IT,  multiplied  by  the  absolute  temperature  of 
the  medium,  at  any  sensible  temperature  whatever,  represents  the  quan- 
titv  tif  heat  jn-csent  at  that  temperature. 

.-.      irx(274°-i  f)=^-    7at  the  teuqx'raturc /.  (1) 

]f'X(274°-|  0=^-i  9-   fJ  "  ^'-  (2) 

where  II  ^  the  increment  of  heat  in  passing  from  /  to  /'. 

...     7/=ir[(274°H-<')— (274°-  t)']=W[i'     t) 
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and  a.^  from  (1)11  =^^^^      -••      ^^=^    2U°-t-t 

Now,  if  the  transferring  medium  parts  Adth  the  quantity  of  heat  q 
at  the  temperature  =  /',  and  then  is  permitted  to  expand  to  its  primary 
condition,  and  is  made  to  give  back  bv  its  expansion,  tlie  force  of 
•exj)ansion,  whieh  is  apj)lied  to  the  retrograding  piston  of  the  air  or 
vapor  pump,  it  will,  when   it   reaches   the  hrst   temj)erture  =  f,  have 

given  out  fcjree  represented  in  heat  units  bv  H'  =  ^  _   ^ and    the 

<lifference  between  the  number  of  heat  units  expended  in  compression 

111.  •  7r       rr/         9^7  (t'—^  W— 0 

and  those  developed  l)v  exi)ansi()n=/i — H'=^  -       ^ —         ^ 

^        ■       '  274°  4^  274°-   /. 

(f'—f) 

^=Q  — ,  repres<'ntin<r  the  units  exiiended  in  the  cycle  of  work. 

^274°-  f      ^  '  ^ 

Whatever  mechanical  effort  may  have  been  expended  in  the  act  of 
transfer  of  heat  from  the  water  to  the  medium,  during  the  congelation 
in  its  certain  time,  will  be  comj)ensated  for,  in  the  transfer  M'hich  occurs 
from  the  medium  to  the  water  for  removal  of  heat,  at  the  higher  point 
of  temperature.  The  same  quantity  of  heat  =  q  having  to  be  taken 
up  and  given  out  in  constantly  recurring  intervals  of  time — practically 
in  the  Kime  times. 

Multiplying  the  heat  units   by  the  mechanical  equivalent  =  ./,  we 

f ( 

haye  Pictet's  fornuda  :  q J  =  mechanical  effort.] 

^274°  -  t  -• 

Suppose  we  would    make   100   kilos,  of  ice  per   hour  with  water  of 

20'^.    Each  kilo,  of  ice  in  such  case  %vill  represent  79+20^99  calories. 

In  order  to  estimate  the  force  in  horse-power,  replace  the  letters  by  the 

following  figures: 

First,  on  the  supposition  of  complete  and  instantaneous  transfer  of 

heat  /  =  0°  temperature  of  congelation. 

/'  =  20°  tem])erature  of  water  of  supply  both  for  congelation, 

and  for  removal  of  surpliLS  heat. 

./=r  431  kilogram-metres  =  mechanical  equivalent  of  heat. 

One  horse-})Ower  =  270,000  kilogram-metres  j)er  hour. 

90° 0° 

.-.    100  X  99  X  -~ —  X  431^270,000=1-1 54  lu.rse-power. 

274° -1  0°  ' 

iSecond,  for   the   machine  witli   sulphurous  acid   there  nuist  be  10° 

•difference  of  temperature  at  both  extremes  of  the  j>rocess  between  the 

water  used,  for  congelation  on  the  one  hand,  or  for  removal  of  excess 

4)f  heat  on  the  other,  when 


7() 


I)ii(/(/K — /'•(    Ml  I  I'll  I  ni'-^. 


[.Idtii'.  I'nmk.  liist.^ 


t  rr=  — 10°  tonipeniturc  tninsforrin^;-  iiii'diuiii  when  v:ii>(»rizing-. 

fO_j_](jo_  ^/  __  .>,jo  u  i»  u  |.,,    jj^.    COlKkMlSod- 

otluT  values  being  tus  before  (avIh'u  t°  =  temperature  «»f  water  =  20^). 

•       100     '   QMv    -^0°— (— ^^°)    .  4:>,l^270,()0()=2-4  iK.rsc-nowiM-. 
274°- (—10°) 

With  the  water  at  10°  .-.  f  =         10°  ;  /'  =  20°.  and  ra.-h  kilo,  of  ic<:- 

i'epresentint>;  7i>         10  =  Si)  calories. 

\()i)  -    SM  -:  ^  '    ■  4:n-^27(),0<)()=l-(;is  hor>c-i)o\v.M-. 

274°-t(— 10°) 

[The  followini;  table  i^ives  several  nuiucrical  values  to  Im-  applicni  in 
the  forniati(jn  of  a  scale  which  will  exhibit  i;r;i])hically  all  the  results 
from  the  fornuila : 

Tabt.e  of  roMPi'TATioN  OF  TiiKoUF/rH  FoiK'K,  in  hoi-se-power, 
tlemandcd    in    inakino-   ice  froui  wat<>r  of  various  teinp'i-atuivs,  on  tlu*- 


—  o 


+ 


-I--- 


Dcjincs. 

Dciiico. 

1  )cmc('s. 

14 

— 1(» 

(lit 

10 

(i-();;7;t 

o-ns 

()-.")<  )-i 

2;5 

—    0 

74 

1.") 

o-()r)(),s 

(I-H72 

o-siw; 

32 

0 

79 

2(» 

()-07.")S 

0-9oS 

l-l.")(> 

41 

•3 

S4 

2.") 

(»-()947 

1  •27.-, 

1  •o2S 

oO 

10 

89 

.•50 

n-li;}«j 

1-<)1S 

1-942 

r>9 

15 

94 

.■*).") 

0-1 32.") 

1-99;; 

2-.';92 

<JH 

20 

99 

40 

oiOl.", 

2-4(M) 

2-H,S0 

77 

25 

104 

4o 

0-1704 

2-H3") 

:5-402 

86 

30 

109 

.")() 

o-lsiM 

3-303 

;5-9t;i 

95 

••5;') 

114 

•")") 

()-20.S3 

3-KOO 

4-5(;o 

(>4 

4(» 

119 

(10 

0-227:1 

4'32S 

5-194 

sup|>osition  that  the  tran>l'cr  medium  U-  l»i-oUi!;ht  t(»  10'  below  the 
point  «»f  cono;elation  for  its  lower  temperature,  and  be  ("<n-ried  to  10^ 
above  the  water  for  removal  of  heat  for  its  hio;her  tem|)erature,  in  onler 
to  eifcot  the  ojM?ration  in  a  <ijiven  time  and  against  los<e>  of  heat. 
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270,000 
w^KTo  /.  =  latent  heat  of  c(»n_iii'latiuii  =  71<°  ;  q  =  (quantity  of  ice  per 
hour  =  100    kilos ;    f^  =  toiin)oratiire  of  water,  variable ;  t  =  10"^ 
l)e]o\v   point  of  freezing  =  — 10°  ;    f  =z  f^   -J-    10°.  variable ;  J  = 
^piivalent  of  heat  =  4.'^  calories. 

^      V       264°       /         V  270,000  / 

="-^«-^('»-''»<(w)- 

Referring  to  the  plate  aeeompanying  this  paj)er,  the  line  A  repre- 
sents the  theoretic  results  of  a  machine  using  sul})huroiis  acid.  The 
abscisvSfe  are  the  temperatures  and  the  ordinates  the  corresponding  force.s 
in  horse-power.] 

t><].  These  results  can  Ik-  compared  w  ith  the  })erformaiice  of  the  ice 
machine  in  the  present  Exhibition  at  Paris,  the  dimensions  of  which 
are  as  follows : 

Htroke  of  pistoji  or  steam  cylinder  =i     1  metre. 
Diameter  of     ^'  "  =  50  centimetres. 

Pressure  of  steam  =     5  kilos.*  j^er  S(j.  centimetre. 

Point  of  cut  ott'  of  steam  in  cylinder  =  10  centimetres. 
Back  pres«:ure  in  steam  cylinder  =  0.15  kilos,  per  sq.  centi- 
metre. 
Stroke  of  piston    in   cviinder  for  <'onij)re.s<ion  of  sul|)hurou.s 

acid  =  1  metre. 
Diameter  of  cviinder  f<tr  conipre.-s<ion  of  sulphurous  acid  = 
42  centimetres. 
i*  =  pressure  at  the  time  of  expii-ation,  O'S  kilos.  |)er  .mj.  centimetre. 
P'  =       "  "  compression,  2*7  kilos.  " 

Velocit}',  80  to  'V2  tiu-ns  per  minute. 

In  ''  Claudd's  fornudas,"  will  l)e  found  (T|s  :Wi—'M2,  of  Ed.  1857), 
for  wdculating  the  dimensions  of  condensing  steam  engines  having 
a  single  cviinder  with  cut  oft",  the  fornuda  for  estimating  the  j)ovi''er 
iriven  out  is : 


*A  kilogiamtue  to  tlie  square  centimetre  =  14"22  lbs.  to  the  square  inch.  An 
atmosphere  =  147  lbs.  per  square  inch,  or  1M)33  kilos  per  square  centimetre.  The 
horse-power,  metrical  value  =  7o  kilogram-metres  per  second  =  270,000  kilogram- 
nietres'per  hour  =  l,0o2,971  lbs.,  in  place'of  1,980,000  lbs.,  the  English  value. 
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7;,  =  Vl,l:{\  ,  locr.  l^\  V  2-3026 —-,^) 

III  this  fonnuhi  J",,,  =  ]K)\\"('r  ^ivcii  out  in  *j;ivat  (lynaniic  uuiU  = 
1,<»(»(J  kilojrniiii-iiR'trcs — .<iil)stitutin<;  for  tlicsi'  their  valuo  in  liorse- 
p<»\vcr  per  s(h'oiu1,  wc  have- 

( )-()7o  .r  =  1  Ilk  (1      \inr,  IL\  X  2-;]()2(3—  —  X  — ) 

wiiirh  is  the  t'onnula  used  in  the  ori^iinal  ot"  this  transhition. 
Wlicn;  .r  =  power  irivcn  out  in  hoi'sc-powcr, 

V  z=  voluHie  of  steam  per  .seeoml  of  time,  before  euttini;  otf^ 

that  is  used  under  the  fidl  pressure  /j, 
li  =:  pressure  of  steam  in  metres  of  height  of  water  =:  Icilos. 

|)er  s(|.  centimetre, 
li'  =  hack  jircssure  in  cylinder, 
z  1=  whole  Icuiith  of  stroke  in  metres, 
Cq  =  lent^th  of  stroke  to  point  of  cut  off  in  metres, 
17/  =  labor  done  before  cuttinii'  ott", 

I'A   l();j;,|  I_|  x2-:>()2<)=lab(>r  ihnu'  after  cuttinu-  off". 

/,•  =  c(>-etlicient   dcpendeiU   upon    resistance  of  cno;ine,  tiken 
by  M.  l*ietet  at  0-73.* 
substituting   in   the   ecpiatious   the  values   uiven,  we   have  (takini;  the- 
vel(M'itv  at  30  turns  per  minute,  or  one  stroke  })er  seeond) — 

(H)75  ./•  =  [(O-.r)  '    ~    ■  0-1  ^5/0-73  (l-i  lojr.^X  2-302H  — 

O-OTf)  j-=[()-19«)  ^0/, 0-73(1-  1  ■  2-302<)-   ()-()3^  10)] 
0-()75  .r=0-71 04(3-3026— 0-30)=2-l 4807 

.j-=2'87  effective  horse-powiM-. 

*  This  value  of  0-73  does  not  correspond  to  any  value  given  by  (Uaudel  (edition 
1857),  where  A"  has  f?iven  many  values,  dependent  on  point  of  cut  oft",  from  072  for  Ul 
to  0.84  for  ith  ;  and  also  other  values  dependent  on  the  size  of  engine,  thus  for  several 
sizes  ef  engines,  all  of  which  are  supposed  to  cut  ofl'  at  one-fourth  the  stroke,  the  val- 
ues given  are  from  0"44  for  4  to  0  horse-power  to  0-74  for  60  to  100  horse-power.  The 
co-eflicient  is  purely  emi)iricai,  and  the  value  of  the  result  in  u.seful  effect,  derived 
from  the  computation,  is  not  very  satisfactory  when  it  is  considered  that  indicator 
ciircW  could  have  been  taken  from  the  engine  at  tlie  Exposition  at  any  time. 
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[In  the  orig-iiml,  at  tliis  place  there  follow^  a  eoiuputatioii  ol"  the 
force  of  eompre.ssiug  the  ga.'^  in  the  compressing  cylinder  from  O'S  kilos. 
to  2" 7  kilo.s  pressure.  It  is  impossible  to  accept  this  comjnttation  a.< 
the  tension  of  vapor  of  sulphurous  acid  corresponding  to  .30°,  the  suj)- 
jKJsed  maximum  reached,  or  rather  [)oint  of  removal  of  heat,  is  4*5(> 
atnios.  (^  kilos,  nearly),  and  the  tension  corresponding  to  20°,  the 
accej)ted  temperature  of  the  water,  is  '?>-'2A  atmos.  Prol)al)ly  the  pres- 
sure P'  \vas  o'T  kilos,  but  this  value,  used  in  the  fornuda  taken  by  ^I. 
Pictet  &  Co.,  gives  a  greater  result  in  horse-power  in  the  compression 
than  was  exerted  in  the  .steam  cylinder.  Indicator  cards,  with  temper- 
atures by  observation,  alone  are  reliable  as  j)ractical  data,  and  these  are 
wanting  to  the  above  statements.] 

The  calculation  of  the  weight  of  sul])hurous  acid  evaporated  at  each 
stroke  of  the  piston  is  as  follows  : 

Deu.sity  of  sul})hurous  acid      =  2"21 
Weight  per  <'ul)ic  litre,  at  0°,  =  2*88  grams. 

.-.  Weight=  If  =-  r     1 '"  x  Jlli X 2-88  x  1000  v 0-8  :  takinu-  /=()° 

•     274+^ 

1 1  •=(  )•  1  ;]8o  X  2-88  K 1000  X  0-8=:31 9  grams. 

The  usi'ful  eflect  of  the  compression  being  90  per  ceiU.  between  the 
limits  of  pressure  named,  this  weight  is  reduced  to  2X7  grams  per 
stroke  or  half  revohition  of  the  engine. 

The  latent  heat  of  eva[)oration  of  sulphurous  acid  is  !)4'0  calories 
j)er  kilogram  vaporized.  The  weight  of  ice  formed  per  hour,  inde- 
])endent  of  external  losses  bv  radiation  or  conduction,  is: 

287  ,x  GO  X  60  A  94-5      .  ,,,,,,,- ,  r,,—  ,         ,,  -, 

^1.000  kiloornnis    !)m  exact  resnit. 

99  .  L  J 

This  machine  makes  ]  ,000  kilos  of  ice  per  lioni',  and  emplow^  29 
horse-power,  of  which  (»nly  22  is  utilized  in  the  laboi"  of  eompi-es-ing 
the  vapor  of  the  .sulphurous  acid. 

4th.  In  the  plate,  the  curve  C shows  the  maximum  t<'nsioii  of  the 
vapor  of  snlphurous  acid  at  the  temperature  given  1)\-  the  abcissa.  as 
a,>^;ertained  by  M.  Regnault.  [In  the  original  paper  it  reads,  "  The 
temperature  corresponding  to  2*7  kilos  '  eft'ective  '  is  2o°."  This  allu- 
sion would  confirm  the  \iew  of  the  translator  that  the  pressurif  obtained 
in  the  compressor  cylinder  is  ■Vl  kilos,  at  least,  l)Ut  this  rendering  is 
fatid  to  the  computation  of  power  in  the  comj)re.ssor  as  it  ap|)ears  in 
the  original. 

oth.  If  the  value  of  power  expended  which  has  been  com|)utetl  from 
the  formula  of  Claudel  on  the  data  given  by  M.  Pictet  c^'  ( "o.  be 
accepted   as  giving  a  correct   result    in    the   one  particular  instance  to 
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«-<>in});ii"<'  with  that  derived  iVoiii  the  theory  of  heat,  the  siiu])le  addi- 
tion of  20  per  eent.  to  any  of  the  theoretie  vahies  will  exhibit  with 
niueh  fairne.-^s  the  praetieal  useful  effeet.  Some  eeononiics  may  atta<'li 
to  the  |)crformanee  of  the  larj>;er  aj)paratiis,  l)ut  tho.se  may  be  held  to 
bt'loiiir  to  the  sizes  of  apjiaratus  rather  than  to  tlie  resistanee  to  be  over- 
<iinie.  The  line  7>  shows  the  hor.<e-])ower  deemed  requisite  by  M. 
I'ietet  tV:  ( "o.  to  make  100  kilos  of  iee  per  hour.  But  the  translator  i.s 
ot"  opinion  that  the.'^e  valui's  are  about  25  per  eent.  too  small,  or,  in 
otiier  words,  that  the  best  praetieal  re.sult  will  be  about  50  ])er  eent. 
above  the  theoretie  one,  a.s  there  is  not  only  to  be  met  "  the  work 
<x[K'nded  in  frietion  of  conneeting  rods,  eranks,  pistons,  screws,  centri- 
fu^ial  pumj)s,  etc.",  but  also  many  <-(»nsiderable  and  quite  unavoidable 
|o>.>-cs  of  heat.] 

<)tli.  It  is  obvious  that  the  same  methods  of  rea.soninu;  and  the  same 
oaleulations  will  apply  to  hijjher  or  intermediate  tempenitures. 

7th.  [The  final  re.*<nlt  from  these  considerations  indicates  a  theoretic 
expenditure  of  force  in  making  100  kilos,  of  ice,  |)er  hour,  by  mean.s 
of  ice  machines  using  sulphurous  acid,  to  be  from  1"27  to  4'.">  hoi>je- 
power,  in  countries  havin»r  the  extremes  of  temperature  of  5°  to  40'^, 
and,  accordin«i  to  M.  Pictet  &  Co.,  from  1*53  to  5*2  hoi*se-power,  or, 
yet  a<rain,  for  liberal  allowance,  from  1"9  to  (>*5  hors<'-])ower  in  coun- 
tries havinjr  the  ,'*ame  relations  in  tem])erature. 

8th.  Usint.'  a  condensing-  cnuine,  the  consumption  of  coal  per  hoi'st;- 
))ower  and  j)er  hour  can  easily  be  bronj^ht  to  1'5  kilo.  An  engine  cut- 
ting off  its  steam  at  1-lOth  the  stroke,  lus  assumed  in  this  ca.se,  with 
boilers  of  average  economy,  say  the  biu'uing  of  9  kilos  of  coal  to  the 
kilo,  of  water  evaporated,  =  to  the  production  of  4,S8'^  cnlorics,  should 
<lcvelo|)  a  hor.<e-power  with  under  one  kilo  of  coal  per  hour.  This 
assumption  of  a  large  value  for  the  coal  per  hor.<e-|(ower  is  confirma- 
torv  t(»  the  expenditure  of"  more  p(»wer  than  was  a[)parently  given  out 
b\-  the  conqHitation.  Taking  the  translator's  estimate  for  horse-])ower 
ihnianded,  and  the  a.s<umption  (»f  engines  and  boilers  with  one  kilo,  of 
4oal  per  horse-power  per  h(tur,  we  have,  in  eountri(!S  where  or  when 
wati-r  at  5°  is  attainai)le,  about  50  kil(»s.  of  iee  t(»  1  kilo,  of  coal,  whih^ 
in  the  hottest  supposable  locality,  where  the  water  reaches  40°,  1<)  kilos, 
of  ice  can  be  made  with  1  kilo.  (»f  coal  burned.  Acce|)ting  ■)^)°  as  the 
t<rnpcratni"c  of  water  in  a  hot  country,  100  kilos,  of  ice  ought  to 
|»roccc<l  rrmii  the  expenditure  of  5  h(»r.><e-|)owei",  and  20  kilos,  of  ice 
from  the  combustion  of  1  kilo,  of  coal.  The  a.'<sunq)tion  of  engines  to 
cut  off  at  one-tenth  the  stroke  is,  however,  not  generally  adnM"ssil)le 
for  anv  but  the  largest  engines,  and  the  all(»wance  <»f  1"5  kilo.  (»f  coal 
jH'r  hor.>^e-|>ower  gives  ]'.]•:]  kil<»s.  of  i(;e  to  each  kilo,  of  coal  burntHl,  a.s 
a  high  practical  result.] 
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I'tli.  The  use  of  watoi"  power  will  (•(>nsi(ler;il)ly  reduce  the  eost  of 
running  an  ice  machine. 

[It  niav  he  remarked,  a.<  a  final  result  of  the  foreiioiuir,  that  tlie  eeon- 
ttmy  of  ice  maehines  evidently  depends,  1st,  upon  the  small  differences 
of  temperature  between  the  transfer  medinm  alK»ve  tlie  cooling  water, 
on  the  one  hand,  or  below  freezing  point  of  water  on  the  other.  In 
the  ejise  where  fluids  are  used  which  condense-  at  tem[)ei"atures  and  pres- 
sure within  the  range  of  the  ojieration,  it  is  possible  tliat  much  heat 
may  be  given  out  to  the  cooling  water  above  the  point  of  condensjition 
and  a  non-revei"ss\ble  cycle  be  s<'t  up;  and  the  economy  depends,  2<1, 
on  the  economv  of  the  source  of  motive  |M)wer,  that  is.  of  tlie  steam 
engine  and  boilers  employed.] 

Ice  Machinks  isinc^  A-mmonta. 

iOth.  In  considering  this  cla."^s  of  ice  machines,  it  will  Im-  assumed 
that  their  c(»nstruction  and  process  in  0})enition  is  known.  The  quan- 
tity of  heat  to  be  furnished  to  the  boiler  is  com)K»sed  of  two  entirely 
<li'-tinct  [)arts,  the  fii'st  of  which  is  that  iiecessarv  to  evaj>orate  the 
ammonia  in  the  freezer,  utilizing  the  latent  heat,  while  the  second  Is 
the  heat  lost  by  esca}>e  of  temjK'rature  through  the  transmisx^ion  of  the 
t<ttal  amount  of  heat  which  has  to  traverse  five  heavy  iron  apparatus 
successively.  I'his  loss  will  l>e  estimated  at  it>^  maximum  theoreti<* 
value. 

11th.  Taking  for  calculation  the  |»nKluction  of  KM)  kilos  of  iw' 
l>etween  ordinary  limits  of  temperature  in  warm  countries,  that  is  to 
.s;iy,  condensation  at  oO°  and  freezing  at  — ''50°,  we  have  for  the  first 
source  of  exiK-nditure  oi'  heat  the  loss,  l)etween  a  tenijx'rature  of  140° 
[corresponding  to  Ki  atmospheres  pressures]  and  — 80°,  which  are  th(^ 
extremes  of  temperature  iK'twec'u  which  the  non-reveivible  cycle  of 
op(  rations  is  performed,  =  (taking  the  water  at  20°) 

!t,!)00  ^.  ^j^>— (— •^0°)^(;t)(,((  ,.;,lori(>s. 
274     (— ;30°) 
12th.   And  for  second   s(»urce  of  ex[)enditnre  of  heat — that  of  heat 
generated   in   the  boiler,  which  is  never  returned,  but  is  wasted  in  the 
process — we  estimate  the   pressure  in  the  boiler  to  be  Ki  atniosplieres, 
which  |)ressnre  -hall  be  divided  into: 

4  atmospheres  for  steam, 
1  2  "  for  the  animoiiia. 

The  distillati(»ns  will  occur  j)roportif»nately  to  their  maxinnun  ten- 
sions, and  then  to  remove  10,000  calories  f)er  hour  [9, IKK),  if  tlie  water 
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to    1)0   frozen   i.-^  at   2(1'^]  tlicrc  should  luM-vaporaTiyl  1»>  kilo.-^.  of  water 
and  -M  kilos,  of  aniniouia. 

We  have  then  to  adjust  tlie.<;e  two  <iuantitie.s  of  lieat  in  order  to  find 
the  niininnini  amount  to  Ix;  furnished  l)v  the  boiler.  [Tlie  total. heat 
of  water  vaporized  at       140°  =  (Jo<>  eah)ries.] 

The  total  heat  of  ammonia  at       140°  is  405  ealories. 

But  the  temperature  of  ammoniaeal  licjuor  with  which  tlu;  l)oi!er  i.s 
fe<l  is  i)0°,  which  will  reduce  those  figures  to 

.")()()  calories  for  the  water, 
and  to  411        "        for  the  ammonia. 
10  kilos,  of  water,  at  5f)6°      =     ."),<)()() 

;U      "     of  ammonia,  at  411°  =  12,740  to  which  is  to  he  added  tht^  the- 
oretic lo.ss  ;ls  hefori'  computed  =     (5,1)00 


2."),;',00 

There  should  Ik-  furnished  2"),.")00  calories  to  the  holler  as  the  !ea.st 
quantity  to  produce  100  kilos,  of  ice. 

14.  *  *  *  [Suj)posinii"  the  consumj)tiou  of  I'ucl  under  the  boiler 
is  etfected  with  average  ei-onomy,  as  |)reviously  a.ssunied,  of  =  9  kilos 
of  water  evaporated  (4,8o.'>  calories)  |)er  kilo,  of  coal  burnecl,  we  have: 

rM^=r)-2o.")  kil(.s.  oi"  coal     to    the     100     11  )S.  of   ice    p.T 

4,s;« 

h(»ur,  as  the  theoretic  result  without  loss  of  heal  in  any  way  during  the 
|)nK'0.ss.  This  result  does  not  fairly  re|>reseut  the  arginuent  of  M. 
Pictet  &  Co.  The  heat  should  be  divided  into  two  parts,  as  in  the 
estimate.     Of    which    •"),(;(;()      r2,740=lS,400    calories    will    |)ro('C(d 

from  ai>|)licatioii  of  heat  of  fuel  to  the  boiler,  when  — ^ =.")*.S  kili>s 

'  '  4,8:5:5 

of  coal  may  beiussumed  tosupply  this  heat.  And  the  (I, !)00  calories  which 
will  have  been  expended  in  transferring  5), 1)00  calories  through  a  range 
of  170°,  by  exertion  of  mechanicjd  force,  may  be  taken  (having  been 
derived  through  the  action  of  a  steam  engine  and  pum|>)  to  have  been 
effect<'d  ;»s  economically  as  w;is  a.ssumed  in  the  sulphiu-ous  acid  proc<>ss. 
In  the  sulphurous  acid  prr)ce.ss,  with  water  at  20°,  we  have  the  heat  of 

;j()0 ( ]()0) 

trausferrino- the  heat  ofcongelation  =  l),l)00   > \ =  l,-)(>0 

274°  f  (— 10°) 

cjilories,  and  our  |)re\'ious  estimate  gives  2*4  horse-power  as  the  theoretic 

f(»rc<' acconiiianvino- the  .same.      When 2'4=11"04  horse-power, 

'      •      ^  l,o()() 

which   mav  be   taken   at    I"")    kilo,  of  coal    per   hoi-se-power,  as   be.foniJ 

a^th). 
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The  theoretic  quantity  of  coal  consiimal  bv  the  ammonia"  ])1Xk.'C.s.s 
then  becomes  o"8  rl(>'7o^'2()-."i7  kilos,  (ao-ainst  the  •')•()  kilos,  by  the 
sulj)hurous  acid  process. 

14a.  It  is  noted  in  the  original  that  the  above  estimate  does  not 
include  the  j)o\ver  tor  drivino-  the  feed  [)umj)  or  for  a^itatinj^-  tlie  li(|uid,. 
and  there  is  estimated  at  least  \'~i  kik)S.  for  these  [jurpose.s  and  for  the- 
forexi  expended  in  the  transmission,  and  reference  is  made  to  lines  of  the- 
oretic and  practical  effect  of  ammonia  ice-makino"  machines  which  do 
not  seem  founded  on  any  reliable^  data  or  experimental  basis.  This- 
{xjrtion  of  the  pa])er  would  be  more  satisfactorily  presented  if  it  had 
the  authorization  of  the  maker  of  the  Carre  machine.] 
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The  application  of  the  conical  pendulum  as  a  li'overnoi-  to  the  ^tcaiu' 
engine  dates  from  the  time  of  Watt,  and  although  countless  moditica- 
tioiLS  of  tliis  j)rinci])le  have  been  patented  since  that  time,  and  (vrtaiii 
julvantagas  claimed  for  each  of  these,  yet  the  general  oi)inion  of  engi- 
neers convei'sant  with  this  sub- 
je<;t  is,  that  only  few  of  them 
can  really  be  considered  supe- 
rior to  Watt's,  while,  as  regards 
simplicity,  the  latter  has  decid- 
(nlly  the  advantage. 

The  two  forces  acting   in   a 
(^<jnical  pendulum  are: 

The  weight  of  the  ball  (  II' 
in  Fig.  1)  a(^ting  vertically 
downward,  and  the  centrifugal 
force  C\  acting  horizontally  out- 
ward. Constructing  a  paral- 
lelogram of  forces,  the  resultant 
R  will  give  the  angle  5c',  at  which  e<[uilibrium  is  attainc<l.  Then  as- 
angle  3c  is  equal  to  yi ',  and  the  triangles  .1  />  I)  and  />  U  W  are 
similar,  it  follows  that  their  respective  sides  arc  of  the  same  ])ro])or- 
tion,  or 
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J.  (.,  the   heiglil  ot"  siispcii.>^i(»ii    is   to   tlif    radiii.-  of  rcN'olution    ns   the 
■weight  of  the  ball  is  to  its  eentrifugtil  force. 
P)Ut  the  latter  is: 

9 
where  a  =  number  of  revolutions  per  second  and  //  i=  unit  of  gravity 
=  32-1 60  feet. 

TiitnMlucing  this  term  in  Formula  (1),  we  have 

,           Wg  r           (/        081452  .     ^    , 
n= =—d — = — _ in  leet. 

<ir  if  /(j  =  number  of  revolutions  |>er  minute, 


.          299:}  .     . 
fi   = m  t«H't. 


(2933 


(3) 


Kiff.  -2. 
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V\ix.  ■.',. 

Wherever  tlie  joints  ol"  the  arms  may  1m'  situate<l,  //  i>  always  the 
vortical  distance  from  centre  of  ball  to  intersection  of  arn\  with  the 
<entre  line  of  spindle,  Ji.s  shown  in  Figs.  2  and  3,  which  will  be  evi- 
<lent  when  it  is  c(msidered  that  the  centrifug-.il  force  is  directly  pro|)or- 
lional  to  the  radius  of  revolution. 
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In  the  above  demonstration  no  account  has  been  taken  of  the  weight 
of  arms  and  other  gear  connected  with  the  governor. 
Taking  now  (Fig.  4),  a  A  B,  —  b  =  A  C. 
W  =  weight  of  ball  -j-  half  the  weight  of  suspension  rod. 
P  =  weight  of  collar  B  —  Aveight  of  other  gear  not  balanced. 


Then 


12933/ ^^P^X 
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(4) 


While  the  force  exerted  by  P  is  added  to  the  force  IF  (Fig.  1)  in 
proportion  to  its  leverage,  it  cannot  increase  the  centrifugal  force,  which  ^ 
to  attain  equilibrium,  has  to  be  augmented  by  a  greater  number  of 
revolutions,  as  obtained  by  Formula  (4). 

Fig.  5. 


In  Porter's  governor,  as  Urst  a})])lied  to  the  high-speed  Allen  engine,, 
we  find  the  extreme  application  of  this  idea  (Fig.  5) ;  the  balls  are 
made  very  small,  and  the  lieavy  central  weight  is  balanced  by  a  greater 
numl)er  of  revolutions. 

In  place  of  a  central  weight,  springs  of  different  shapes  have  been 
applied,  but,  owing  to  the  resistance  of  a  spring  increasing  with  its 
defle<!tion,  its  action  is  somewhat  different  from  that  of  a  weight. 

Fig.  6  shows  the  extra  weight  adjustable  on  a  lever ;  by  shifting  it 
in  or  out  the  governor  may  be  made  to  regulate  for  a  smaller  or  greater 
nundjer  of  revolutions. 

The  ordinary  governor  has  the  great  disadvantage  of  not  l)eing' 
isochronous  or  "  equal  timed" ;  at  the  normal  speed  of  the  engine,  the 
arms  can  only  be  in  one  certain  position,  corresponding  to  a  certain 
pa«itiou  of  throttle  or  cut  off.  An  increase  or  decrease  of  load  will 
necessitate  a  change  of  throttle  or  cut  off,  and  a  corresponding  position 


.s« 
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Fiir. 


•vi'  trdvcriior,  wliicli  can  only  he  attained  l>y  a  projiortional  decrease  or 

inort-asc  in  tlu'  nuinl)or  of"  revolutions. 

To   overcome   this   difticnlty,  a   ;xreat    many  isoehronous   tjovernors 

have   l>een    hrouirht   out,  of  which    the  ''  paraholic"  irovernor  may  W 

■taken  a.<  thcorcficnlhi  |>ertect. 

In  a  common  parabola  (Fii!;.  7),  all 
"subnormal"  lines,  i.  e.,  the  vertical  dis- 
tance //  of"  the  interseetiou  of  a  line 
n(.trmal  to  the  curve  (as  a  b,  <•  r?,  etc.) 
with  the  centre  line  from  its  intersection 
with  the  ]>aral)ola,  are  equal,  and  if  the 
centre  of  a  irovernor  hall  moves  in  a 
parabola,  such  a  tfovernor  would  be  in 
ecjuilibrium  at  all  |)ositions  for  tiie  same 
luimber  of  revolutions,  but  would  imme- 
diately j;o  lip  or  down  at  a  change  of 
speed.  If  now  the  changed  position  of 
the  gt)vernor  doe's  not  immediately  pro- 
i  (hice  a  return  to  tlie  normal  speed  (wliich 

is  not  idways  jxtssible)  the  governor  will 

fiv  to  its  extreme  position,  the  throttle  or  cut  <»ff  will  be  changed  t^w) 

far,  and  an  op|)osite  change  of  speed  will  send  the  governor  t6  its  other 

•extreme,   and   thus  the  sj)eed  of  the  engine   will   continually  cliange 

:ab)ve  and  behtw  its  normal  spewl. 

Fifr.  8. 

J'  <^ J3 

A 


E 


Fig.  it. 


Fig.  <^  illustrates  gra|)hically  the  action  of  the  common  governor  : 
Line  A  B  rej)rcsents  the  normal  s})eed,  (■  J)  tlie  increjised  s])ee<l,  wliicli, 
:at  a  decrea.'^e  of  load,  is  neccsstu'y  to  keep  the  governor  in  a  liigher 
position,  and  this  .'^peed  continues  until  an  increase  of  load,  requiring 
i\  lower  position  of  governor  (to  effect  corresj)onding  change  in  throt- 
tle or  cut  off)  makes  a  speed   below  the  normal  inq)erative,  as  shown 
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nx  F  E,  and  this  sj)eed  again  continue.'^  until  another  change  of  load 
require**  a  different  speed  and  position  of  governor,  or  until  a  return 
t«»  the  normal  load  again  establishes  the  normal  speed  and  position. 

The  action  of  an  isochronous  governor,  as  described  above,  may  be 
graphically  illustrated  by  Fig.  9  ;  where  A  B  is  the  normal  speed  and 
('  I>  the  continual  change  of  s})eed  above  and  below  A  B,  products  1 
l)v  the  instalWlity  of  the  gf>vernor.  To  remedy  this  defect,  some  kind 
<tf  resistance,  Avhich  could  not  be  overcome  too  quickly,  would  have  to 
l>c  opposed  to  the  action  of  the  go^•ernor,  but  at  the  cost  of  sensitive- 
ness; an  air  cushion  (which  should  be  double  acting)  would  be  le<ust 
objectionable,  as  a  spring,  owing  to  its  resistance  increji-sing  with  its 
compression  (and  rice  rerm),  would  destroy  the  isochronous  property 
of  the  governor. 

By  a  vers-  slight  modification 
the  Watt  governor  may  be  made 
sufficiently  isochronous  for  most 
I  )ractical  purposes. 

If  the  arms  are  suspended  on 
the  opposite  side  of  the  centre 
line  (Fig.  10),  an  approximatioji 
to  the  parabolic  governor  is  ob- 
tained, A  being  the  centre  of  a 
circular  are,  which,  for  a  move- 
ni  nt  through  a  few  degrees,  will 
jiearly  coincide  with  a  parabolic 
<'nrvc.  and  therefore  such  a  gover- 
nor will  be  nearly  isiK'hronous. 

To  show  the  })ercentage  of  de- 
viation, the  following  example  is 
a  comparison  of  the  ordinary  AVatt 
(Fig.  4)  with  the  last-named  governor : 

Taking  the  arms  A  1)  =  a  =  20"  long,  B  ('=  A  C=  h  =  10",  the 
normal  angle  x  =  .'>0°,  the  extreme  angles  ocj  =  20°  and  oc.,  =  -37°, 
the  lift  of  the  sleeve  will  be,  for  all  three  systems  of  suspension,  = 
"2  h  (cos.  a  ,  —  COS.   <x.,)  cxmsequently  each  will  do  the  same  work. 


h  will  be  for  M'att's  irovernor  ^  a  cos.  oc, 
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for  ."')(»•  =  17-'>2  iiiclu'.-. 
"   20°  =  18-79       " 
"  :',7°  =  l.ri)7      " 
tor  improve*!  iioxcriior  ;  (taking-  K  A  =  I>  F=  <■  =  2") 
li  =  n  c"c»s.  oc  - —  €  cotji".  a , 

for  .H0°  =  l;J,85(j  iiu'lu^. 
"  20°  =  l:i-;} 
"  ;i7°  =  in..SH)       " 

Aiforfliiiii'    to    I'^oniiula    (4),  /*,  \voiil<l   iIk-u    Ik*,  (if ="  |  for  t.ii- 

V     ir    :]/ 

onlinarv  ii-o\<'nior — 

tor  '40°  =  .")2      rrv.  ])cr  iiiiii. 

"   20°  =  41)-i) 

-  :>.7°  =  .")4-2 

thus   showiii"-  a  deviation    Ix-Iow   the    normal   spctHi   of     ~  = 

52 

I  11,-    -•-      100  ,  ,  ,    ..      . 

4  IH'V  cent.,  an<l  alH)\c  o|  =    4-2    per   <'ent.,  a    total  ot    S'i 

'  :)2  ' 

por  cent. 

I'or  th«'  ini|)ro\e«l  governor  /(,  wonld  ho 

for  .'JO^  =  •")S'2  rev.  per  niin. 

"   20°  =  .",!)-4 

"  ;57°  =  r.9-4 

...         ,.  1-2  X  100        ., 
a  (le\iation  of =  J  lu-r  cent. 

.-)8-2  ' 


A  u;(>vernor  with   arm-  joinle*!  outside  of  centre  line  {V'\<^.  2  I  would 

have  li  =  (I  COS.  yz   --  e  eotjj;.  y-  : 

for  30°  =  20-7X4  inches. 

•'   2(>°  =  24-2S 

'  "  ;}7°  =  l.s-(;24 

and  /*,  woidd  Ik-  : 

for  30°  =  47-0  rev.  |m'i-  niiu. 

"  20°  =  44 

-  :>,7°  =  .■)0-2 

...        ,.  3-.")  A  100        -  .,-              ,,    ,             1  2-7  ■  100 
a  tleviation  ot =  /  .jo  per  cenr  I) 'low  .  and ==     u 

47-5  ^  47-5 

per  cent,  ahove  the  normal  speed,  a  tot.al  of   l.")"35  pel"  cent. 


S9 

most  ik'fic'ieiit 
o  correot  this 
^-s.  11  and  12), 
'S  transversely 
to  a  weight  or 
e  toggle  joint 
n*nor  arm-. 


/ 


it  being  more 
ly  against  the 
;t  be  increased 
normal,  and 
s  move  above 

citnte  ga\e  a 
^ed,  henee  its 

s  of  a  conical 
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n  the  engine, 
int<t  another 
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WATER-TUBE  AND  FIRE-TUBE  BOILERS. 


By   C^hief    Enoineer    ISHERWOOD,    U.    S.    Navy. 


Table  coxtaixixg  the  Data  and  Resi-i.ts  ok  the  Experiments  made,  in  March  and  April,  1873,  at  the  Washington  Navy-Yard,  by  Chief  Engineers  LORING  and  BAKFR   T* 
Xavy.  on  two  Cylindrical  Tubular  Boilers,  of  the  same  dimensions,  but  differing  in  the  kind  and  arrangement  of  tubes,  one  having  the  ordinary  hc  riz 

RETURNED   ABOVE   THE   FURNACES,    AND   THE   OTHER    HAVING   VERTICAL    WATER-TUBES  RETURNED   ABOVE   THE    FURNACES.        THE   OBJECT  OF   THE   EXPERIMENTS   WAS 

THE   ECONOMIC   VAPORIZATION   UNDER   ATMOSPHERIC   PRESSURE    BY   EACH    BOILER  WHEN    BURNING   PENNSYLVANIA   ANTHRACITE,    A   SEMI-BITUMINOUS  COAL   FROM 

THE  Cumberland  mines  of  Maryland,  and  a  bituminous  coal  of  unknown  locality,  under  the  experimental  conditions 


HORIZONTAL  FIRE-TUBE 
BOILER. 


Designation  of  experiment,  ....... 

Square  feet  of  grate  surface,     ........ 

Square  feet  of  heating  surface,  calculated  for  tlie  inner  surfaces  of  the  tubes. 

Square  feet  of  opening  for  draught  over  the  bridge-walls, 

Square  feet  of  oijening  for  drauglit  through  the  tubes,  ... 

Duration  of  the  experiments,  in  consecutive  hours,  ..... 

Total  number  of  cubic  feet  of  water  vaporized  from  the  temperature  of  the  feed  water 
Total  number  of  pounds  of  water  vaporized  from  the  temperature  of  the  feed-water. 
Total  number  of  pounds  of  coal  consumed,  ...... 

Total  number  of  Jjounds  of  refuse  from  the  coal  in  ash,  clinker  and  soot. 

Total  number  of  pounds  of  combustible  or  gasifiable  portion  of  the  coal  consumed, 

Per  centum  of  the  coal  in  refuse  of  ash,  clinker  and  soot,      .... 

f  Pounds  of  coal  consumed  per  hour,   ....... 

Pounds  of  combustible  or  gasifiable  portion  of  the  coal  consumed  per  hour, 
J  Pounds  of  coal  consumed  per  hour  per  square  foot  of  grate  surface, 
I   Pounds  of  combustible  consumed  per  hour  per  square  foot  of  grate  surface, 

Pounds  of  coal  consumed  per  hour  per  square  foot  of  heating  surface, 
I   Pounds  of  combustible  consumed  per  hour  per  square  foot  of  heating  surface,     . 


TOTAL 
QUANTITIES. 


RATE  OF 
COMBUSTION. 


TEMPER- 
ATURES. 


(  Temperature,  in  degrees  Fahrenheit,  of  the  external  atmosphere, 

J  Temperature,  in  degrees  Fahrenheit,  of  the  gases  of  combustion  in  the  uptake, 

(  Temperature,'in  degrees  Falirenheit,  of  the  feed-water  in  the  tank. 


PRESSURE.  Steam  pressure  in  boiler,  in  pounds  per  square  inch  above  zero, 

I  Total  number  of  pounds  of  water  that  would  have  been  vaporized  had  the  feed-water  1 

been  supplied  at  the  temperature  of  100  degrees  Fahrenheit,  and  vaporized  under  \ 

I  the  jjrcssurc  of  :i:)-!)L'  inches  of  mevcurj-,  .  .  .  .  .  .J 

Total  nuiiilicr  (if  ]icmnils  <,{  water  that  would  have  been  vaporized  had  the  feed-water] 
VAPOR-  '  been  su]jijlied  at  the  temperature  of  212  degrees  Fahrenheit  and  vaporized  under  [■ 

IZATION.        "i  *'""  Pi'^s*"''*'  of  2992  inches  of  mercury,  .  .  .  .  .  .      ) 

I   Pounds  of  water  vaporized  frcmi  100  degrees  Falirenheit  by  one  pound  of  coal,   . 

I   Pounds  of  water  vaporized  from  100  degrees  Fahrenheit  by  one  pound  of  combustible. 

Pounds  of  water  vaporized  from  212  degrees  Fahrenheit  by  one  pound  of  coal,   . 
I   Pounds  of  water  vaporized  from  212  degrees  Fahrenheit  ijy  one  pound  of  combustible, 


VERTICAL  WATER-TUBE  BOILER. 


36-00 

1019-00 

5-55 

7-24 

30. 
2134.816 
133187-0 
15336-0 
1608-0 
13728-0 
10-485 

511-200 
457-600 
14-200 
12-711 
0-502 
0-449 

35. 

702- 
.39- 


9-1946 
10-2716 
10-2689 
11-4717 


Semi-bituminous 
coal. 


36-00 

1019-00 

5-55 

7-24 

30- 
2061-670 
128623-6 
15168-0 
2022-0 
13146-0 
13-331 

505-600 
438-200 
14-044 
12-172 
0-496 
0-4.30 

43. 


8-9762 
10-3.569 
10-0250 
11-5670 


Semi-bituminous 
coal. 


36-00 

1104-00 

5-55 

5-55 

30- 
2008-466 
125304-3 
12979-0 
2284-0 
10695-0 
17-598 

432-633 
356-500 
12-018 
9-903 
0-392 
0-323 

43- 

.39- 

16-.50 


132607-757 
148101-731 


10-2171 
12-3990 
11-4109 
18-8477 


D 

36-00 

1104-00 

5-55 

5-.55 

30- 

1532-830 

98749-7 

10506-0 

1584-0 

8922-0 

15-077 

350-200 
297-400 
9-728 
8-261 
0-317 
0-269 


338- 
39- 


9-9431 
11-7083 
11-1048 
13-0764 


E 

36-00 

1104  00 

5-55 

5-55 

30- 
1769-107 
110367-4 
11280-0 
1320-0 
9960-0 
11-7(M 

376-000 
332-000 
10-444 
9-222 
0-341 
0-301 

47- 
338- 
43- 


10-3156 
11-6827 
11-5204 
13-0477 


Bituminous  coal. 


36-00 

1104-00 

5-55 

5-55 

30- 

1888-815 
117835-5 
13317-0 
1570-0 
11747-0 
11-789 

443-900 
391 -.367 
12-331 
10-877 
0-402 
0-335 

56- 

358- 
43- 


9-3016 
U»54-48 
10-3884 
n-7769 
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The  Iast-ineiiti(»iK'(l  (•oiistructioii  is  thus  shown  to  Itu  most  dcticieiit 
in  i.'ioclironisiii,  and  numy  attempts  have  been  made  to  eorreet  this 
fault.  One  of  the  hitest  is  the  Gardner  governor  (Fiics.  11  and  12), 
where  a  toe  on  the  end  of  the  suspension  arm  ])ress^s  transversely 
ajrainst  a  toggle  joint  combination,  which  is  conneetetl  to  a  weight  or 
spring  pressing  upwards,  thus  tending  to  compress  the  toggle  joint 
vi'rtically,  forcing  it  (jutward  against  the  toes  of  the  governor  arm<. 

Fiir.  n. 


When  the  governor  arms  are  down,  the  toggle  joint  being  more 
compressed  vertically,  exerts  greater  pressure  horizontally  agtunst  the 
.governor  arms;  to  counteract  this  the  centrifugal  force  must  be  increased 
by  a  few  revolutions,  bringing  the  speed  nearer  to  the  normal,  and 
exactly  the  opposite  action  occurs,  when  the  governor  arms  move  above 
their  n(»rmal  position. 

A  recent  test  of  this  governor  at  the  Franklin  Institute  gave  a 
deviation  of  from  G  to  14  per  cent,  from  the  mean  speed,  hence  its 
is(M'hronisni  is  very  far  from  Ix'ing  perfect. 

Siemens'  diiferential  or  chronometric  governor  consists  of  a  conical 
l»endulum  with  heavy  balls,  dri\en  In*  a  train  of  bevel  wheels,"as 
shown  in  Fig.  l-].  The  shaft  d  receives  its  motion  from  the  engine, 
and  lias  keyed  on  its  end  a  bevel  wheel,  />,  which  gears  into  another 
similar  wheel,  c,  that  can  vibrate  around  the  vertical  axis  A  I'>,  but  is 
held  in  position  by  the  weight  7,  acting  through  lever  f' and  rode. 
The  wheel  c  geai-s  into  the  wheel  (J,  which  is  fixed  on  the  shaft  of  the 
[•endulum,  and  therein-  the  latter  is  j)ut  into  motion. 

The  weight .(/ is  adjusted  to  balance  exactly  the  tangential  force  of 
weight  a,  necessary  to  drive  the  ])eiidulum  at  the  normal  sjteed  ;  If  now 
AViioi.K  No.  Vol.  C'VII.— iThihu  Seriks,  Vol.  Ixxvii.)  7 
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till-  cnffine  (and  with  it  shaft  n)  chanovs  it  spi'i'd.  the  j)emluhini,  on 
a<-<<>unt  of  its  inertia,  will  still  cuntiiUK-  its  uniform  .sjx'tHl,  which 
<-:in-<«.  the  whirl  r  to  .swinir  around  the  a.xis  A  II,  and  the  lever  y' i)('ini«j 
tix.d   on  a  shaft   connected  with    thr   throttle  or  cut   off.  these  will  he 


chaiiiTt'd  eorrespondniirly 


Kit,',  l'^. 


n 


As  the  power  ntK'cssarv  to  drive  the  pen<hduni  at  a  certain  s|K>e<l 
niav  l)e  considercKl  uniform,  the  wiieel  <•  will  oidy  he  at  re.st  as 
lon<-  as  this  speinl  is  maintained,  but  (within  a  certain  limited  travel 
<»f  lever /')  it  may  l)e  in  ditterent  |)ositions  ;  and  as  thereby  different 
positions  of  throttle  or  cut  ott",  corresjxdidiujr  to  tlie  load  to  be 
overcome  bv  the  emrine.  can  be  attained  without  a  permanent  clianjjjo 
«»f  -peed,  the  irovi'ruor  may  be  called  |K'rfectly  i.sochronous. 

A^  in  some  ca.ses  the  shiftinir  of  throttle  (»r  cut  off  <i-ear  may  re<piire 
more  foree  than  a  chanirc  in  speed  of  the  |)endulum,  the  latter  has  an 
in<:i'uiou-  arrauiii'mcnt,  bv  which  a  slight  rise  or  fall  of  the  pendulum 
ball>  will  increase  that  force. 

The  ordiuarv  Watt  <rovcnior  may  act  iu<lirectly  u|»on  the  throttle  or 
cut  ort",  as  >lio\\  n  in  l-'iu.  lb  'l'h<'  slee\-e /?  of"  the  ^oxcrnoi-  is  con- 
nected   b\     lever    /    to    :i    clutch,    c.    which.  beiiiM    between    two    be\-el 
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Avhcrls,  d  and  e,  runnino:  in  oppo-  i*''«  1^- 

.site  directions,   it?    put    into    g:ear 

with  either  by  a  rise  or  fall  of  the 

governor  balls.    This  clutch  slides 

uj)on    a    feather  in    the    screw  f, 

whic-h,  by  means  of  nut  f/,  lever  h 

juid  rod  /,  can  move  the  throttle 

or  cut  off. 

Here  the  governor  acts  with 
perffct  isochronism,  as  it  is  evident 
that  at  any  change  of  s])eed  the 
clut<-h  will  remain  in  gear  until 
the  normal  ))ositi<)n  and  number 
of  evolutions  is  regaini'd. 

A<  the  force  moving  the  throt- 
tlr  i>-  derived  from  the  engine  direct,  the  governor  is  extremely  sensi- 
tive, but  this  advantage  is  sometimes  more  than  counterbalanced  by 
the  time  required  to  effect  any  considerable  change  in  the  throttle  or 
cut  off,  and  for  this  reason,  and  on  account  of  the  additional  com- 
plicjition,  this  system  is  but  little  used. 

Bust's  "  Cosine  Governor  "  derives  its  name  from  the  fact  that  it.s 
moment  of  centrifugal  force  is  ])r<)portional  to  the  cosine  of  the  angle 
of  deviation  y  for  an  eutire  revolution  round  its  ])oint  of  suspension  c. 
AVlun  connected  to  a  central  weight,  W,  in  such  a  way  that  the  moment 
of  this  weight,  acting  against  an  arm,  b  c,  of  the  pendulum,  is  also 
pro)X)rtional  to  the  cosine  of  the  angle  of  deviation,  a  jierfect  isochro- 
nous governor  is  obtained,  having  the  greatest  jiossible  range  of  motion, 
<'onse<piently  possessing  great  power  and  sensitiveness.  Fig.  15  shows 
that  each  arm  of  the  pendulum  has  two  balls,  fixed  at  90°  to  each 
other,  which  are  suspended  fnmi  a  point,  c,  situated  in  the  central 
weight ;  the  arms  c  b  bear  against  a  fixed  shoulder  cm  the  sjiindle,  and 
the  centrifugal  force  of  the  balls  has  to  balance  both  the  central  weight 
ir  and  the  weight  of"  the  balls,  hence  all  j)arts  are  utilized  to  increase 
the  power  and  seusitiveucs>i.  IW  a  small  change  of  the  angle  .s  c  b,  a 
nearly  uniform  degree  (»f  stabilitv  with  only  a  limited  deviation  from 
isochronism  can  be  ol)taine<l,  thus  obviating  the  most  serious  defect  ot" 
isochronous  governors — tiieir  instai)ility. 

The  thcitry  of  this  governor,  as  given  l)y  the  inveiit<.)r,  is  as  follows: 
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If  ^ff  =  total  woiijht  of  a  system  of  hodits  suspeiuled  at  <■, 
;(  ==  nunihor  of  revs,  per  second  ;  then 
(0  =  aniiiilar  velocity  ^=  '1  'Jt  i\. 

/•    =r  distance  of  point  of  suspension  tVom  axis  (»f  vevoliitiou, 
Y  =  wei»>lit  of  some  part  of  Q, 
.(•and  //  co-ordinates  of  ry  with  re<iard  to  c, 


7       *       t 


The  ccntrifu*ial  force  of  y  will  be 


.V 


7(''  -  y) 


and  its  moment  iii,.  =  .r     -  (jir      //)  and  the  centri<"iii::il  moment  of   tlii' 
!/ 

entire  sxstcin  .}/,:=z.i\2(j  —  (/•      ii^)=2.(j  —  .i\r      -if  -  -  .c, //,  ( ■)) 

!/  '  U  U 

If  .(■,    an<l   //,   are   the   co-ordinates  of    the   centre  of  ;Lii'avity  of  the 

entire  s\stem,  .c,  =  ~J—  and    iL  =   ~J-'--   /.  r.  the  (listance  of  the  <M.ni- 
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niDii  cciitiv  of  *iTavity  of  a  system  of  bodies  from  any  point  is  e(|iial 
to  till'  sum  of  the  moments  of  the  ])arts  witli  regard  to  this  same  point, 
<livided  l>y  the  sum  of  tlieir  wei^jlits. 

If  I  is  tlie  distance  <•  n,  .c,  =  /  eos.  y  and 

J/,  =  —  r  (/  /  COS.  y  -    —  1  q  .r,  ?/i  ii) 

U  U 

\\   the  weiti'lit  of  tlic   ri'V(tlvin<>-  body  is  divided  into  such  parts  that 

then"  moments,  q  .r  i/  aud  (/  .r,  //,  are  e(]ual,  hut  o])j)OSite,  2  q  —    .r,   i/^ 

il 
(F<trnuda  7)  will  he  =  O,  and  this  will  always  be  the  case  where  the 
])art>^  are  at  90°  and  their  moments,  with  regard  to  their  common  cen- 
tre of   u-ravity,  .v.  are   equal,  of   wliicli   some   exam])les  are   given   in 
Fig.  Ki. 

Fiji-.  16. 


In  each  of  these  cases  (taking  _/"  =  c  n)  :  q  .r  i/  -'  q^  x^  ( — _//^^  =: 
yr  eos.  (45+7-)  sin.  (4o4--^)  -    q  f'~  cos.  (45—"/')   (—sin.  45— j-)  =  O, 

liencf  J[,  =  —  J-  q  /  cos.  ;-.  (<S) 

f/ 
i.  (..  j»roporti(»nal  to  the  cosine  of  the  angle  y. 

In  applying  the  central  load,  W,  the  weight  of  the  balls,  iiaving  the 
uionit  ut  =  Q  I  siu.  :/:,  must  be  taken  into  account,  and  the  angle  cs  h 
=  ,9  will  have  to  be  so  arranged  that 

(/:!1  r  I  COS.  y  =  ( TF-!   Q)  h  sin.  {fi~y)  A     Ql  sin.  -y, 
.V 
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to  make  the  governor  perf'octly  ii^ochronou.s,  and   this  is  obtaintnl  Uy 
making 

o         Q  I 

COS.  a  = i 

From  Formula  (2)  it  is  apparent  that  theoretieally  the  wciglit  of  the 
halls  has  no  influence  on  the  position  or  mnnber  of"  revolutions  of  a 
pendulum,  as  the  centrifugal  force  increa.ses  in  the  same  ratio  with  an 
increase  of  weight,  but  in  its  practical  application  this  pcnnt  is  of  some- 
inijMirtance  ;  to  overcome  the  resistance  of  the  gear  there  must  be  a  ccr- 


%AC' 


^%LC 


tain  increase  or  decrease  of  tlie  centrifugal  force  before  the  go\crnor 


GUI  act. 


If  /(  =  normal  number  oi'  revolutions, 
/(j  =  lowest  and 
n.,  =  highest  mnnber  of  revolutions  ])ermitted, 


theu  8  =  -^ 1  =  total  deviation. 


I'^>r  /*  the  centrifugal  force  is: 


('={2-n) 


W 


and  for  n. 


(\=  (^It:  ii.,f  —r 
U 
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and  the  diii'erence : 

A  ('=  4  7:-{n.r—H-)—   r 
(/ 
or,  approximately  : 

J/  .  >     I        ■>       2  . 

(    =  (t  4  -    11    —  /■; 

9 

it.«  leverage  being:  =r  A  =  — -1. — _, 

4  ~"  ir 

its  moment  is : 

J  ('  h  =  0  ^—3 — -y  =  o    n  r.  (9) 

4  --  ir  g 

It"  Q  =  resistance    of  g:ear  referred  to  sleeve  B, 

l>  =  A  C, 

a  =  A  I), 

this  action  of  Q  will  ])rodnce  a  force  =  — - —  in  the  directiim  of  ^C, 

COS.  y: 

which,  with  regard  to  ^4,  will   act  with  a  leverage  ^4  F=  h  sin.  2  y: , 

1           V                 ^.        Q  ^>  •■^i"-  -  ^  /mi 

Jience  its  moment  =  -^ (^lU) 

COS.    jC 

Putting  Q !- '-^ — 1  =  o   W  r,  the  weight  of  balls  is  found  : 

COS.  y: 

O   /•  COS.   X 

and  as  /•  =  a  sin.  a,  and ; =  -?  >r  =  -^ 

COS.  yi  Aw.  'X.  (J   (( 

or  each  ball:  ^  =  LU^  (11) 

2  o  (I 

showing  that,  for  any  considerable  resistance,  veiy  heavy  balls  or  an 
extensive  deviation  of  s})eed  from  the  normal,  would  be  needed,  to 
eifect  a  change  in  the  throttle  or  cut  off  gear. 

A  governor,  loaded  with  a  central  weight  (Fig.  F.),  has  an  advan- 
tage in  this  respect,  as  its  greater  angular  velocity  (necessary  to  balance 
the  central  weight)  will  give  a  greater  diU'erential  moment  of  centri- 
fugal force  for  a  certain  change  of  spetnl  than  the  ordinary  construction. 

Here  h  =    — -1 —  (  1  + )  [see  Fornuda  (4)],  making  the  <litler- 

4  t:'-  ir  \        W  a/ 

ential  moment  of  centrifugal  force :   J  Ch^d —  1 1  -I- I 

^  4z'  n'  a     V         W  aJ 
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=  o  W  a  sin.  y:   (\-   -—)  (12) 

\  W  n/ 

niul  jtiirtini:-  tin's  (.•f|ii;il  to  the  nioiiu'iit  <»f  rcsistiuicr  nt"  uTar: 
(J  I)  sin.  2    a      -n     • 

=   -^ p will    UIVL' 


7r  = 


^26 


V        W  a/ 


T]iu>  if -  =  ],  the  wx'ii-'iit  of  halls  Mill  onl\-  \)v  oin'-half  of  that 

W  f> 
iH'i'ilfd  foi-  tlic  onliiiai'v  o(»\ernoi',  to  ovcix-onie  the   same   resistance,  or 
hall-  <if  the  same  weight  would  already  aet  at  one-half  the  deviation  of 
s])eed  from  the  normal,  thus  douhlinir  tlu'  sensitiveness  of  the  t>'overJioi'. 

In  eonelusioii  it  mi^iht  he  well  to  point  out  that  a  sensitive  fx^'vcrnor 
is  not  the  onh   thini:-  neeessarv  to  ensure  uniformity  of  motion. 

Not  oidy  the  load  may  he  variahle,  hut  the  pressure  at  ditteivnt  parts 
of  a  rev(»lution  also  varies,  es[)eeially  in  engines  working  expansively, 
jm<l  when  tiie  steam  is  cut  oif',  the  inHuence  of  the  governor  is  cut  off" 
also,  hence  the  fly-wheel  ought  to  he  heavy  enough  to  .store  up  any 
excess  (»f  work  devel<»ped  during  that  time,  without  greatly  inerea.sing 
the  sj)ee(l,  otherwise  tiie  governor,  especially  if  it  is  very  sensitive,  will 
al\\:i\-~  l»e  Hving  up  and  down,  thus  defeating  it*  very  ohject. 


Systematic  Errors. — <)ttoStruve  states  that  his  measurements, 
es|>eciall\  tlio^e  of  dii'eetion,  are  sultjeet  to  \ery  large  systematic  erroi*s, 
depending  u|»on  the  angle  hetween  the  direction  of  the  two  stars  and 
the  vertical  circle  at  the  moment  of  ohservation.  Uy  means  (»f  meas- 
urements taken  upon  artificial  stars,  he  has  determined  the  cori'ections 
with  great  exactness  and  has  proved  that  the  same  laws  of  error  have 
<'xi>ted  in  his  case  for  the  last  '•)')  \"ears.  He  supposes  that  they  have 
a  |)hy>iological  origin  de])euding  u])on  the  construction  of  the  ohserver's 
eyes.  He  thinks  it  tlesirahle  that  every  astronomer  who  is  employed 
ii])(>u  similar  measm'cmcnts  should  make  s])ecial  experiments  so  that 
the  re>idts  of  diflerent  ohservers  can  he  more  satisfactoril\-  com|»ared. — 
(  'oinjttcs   l^\ii<his.  ( '. 
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^i:i  Account  of  the  Experiinent.-<  made  by  Chief  Engineer!'  Loriny  and  Baker,  U.  S.  -NHycy, 
(in  a  Horizontal  Fire-Tube  and  a  Vertical  Water-Tube  Boiler,  at  the  Washington  yanj 
Yard,  to  ascertain  their  relative  Economic  Vaporization.^  icith  different  kinds  of  Coal. 


By  Chief  Enoiiieer  I.'^HER wo( )D,  U.  S.  Xiuy 

(C'ontimieil  from  vul.  Ivii,  page  24.) 
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oococct coco'  ) 
cccoccccccco. 
oococcccccco: 

occGcccccccc: 

OOOOCCCC^CGC: 

oocccGcccccc: 


ccccccccccc  ^— r\  COOOOCCCOCG.' 


The  Horizontal  Fij!k-Tibe  Boieer. 

The  .shell  of  the  horizontal  fire-tulx'  boiler  is  a  cylinder  with  Hat 
i-nds  at  riofht  antrles  to  it"^  axi.<.  The  front  end  i.<  al.-;o  the  front  tube- 
}»iate.  This  evlinder  is  ten  feet  in  diameter  and  nine  feet  in  length, 
externally.  Tlie  uptake,  ^\•hi(•h  is  of  sheet  iron  bolted  to  the  front  end 
of  the  cylinder,  lu'ojects  beyond  this  length.  The  plates  of  the  shell 
arc  l^ths  of  an  inch  thick,  and  double  riveted.  The  flat  ends  of  the 
ijhell   aboye   the   tube-boxes   are  p,^      ^ 

stayed  directly  acro.S'^  ^yith  iroii 
rods  1|  inches  in  diameter  and 
1<»  inche-s  bet^veen  axes,  attached 
to  double  angle  iron  riveted  ver- 
tically to  the  ends.  All  other 
fiat  surfaces  are  stayed  with 
.s icket-bolts  1|  inch  in  diameter 
utnd  6  inches  between  centres. 

There  are  tMd  furnaces  con- 
tained in  hoi'izontal  cylinders  of 
-">  j'cct  internal  diameter  and  7 
feet  extreme  length.  The  axes 
of  the.se  cylinders  are  in  the  .same 
h'trizontal  plane  and  42  inche? 
l...!-ed  of  iron  plates  ^  inch  thick,  butted,  and  double-riveted  to 
inner  welts  below  the  grate  l)ars ;  they  are  single  riveted  to  the 
boiler-.shell  and  are  in  three  lengths,  flanged  where  the  lengths  meet, 
and  single-riyeted  thereby  th'rough  a  ring  ]>laced  between  them.  The 
gnitcs  within  tliese  cylinders  are  6  feet  in  extreme  length,  composed  of 
<-:i-!  iron  bars  in  two  lengths  of  :}  feet  each.  The  bridge- wall  Ls  of  cast 
ir..ii  faced  with  fire-brick  and  is  ()  inches  high  above  the  level  of  the 
grates.  The  to})  of  the  grates  is  18  inches  below  the  crown  of  the 
fnniace,  at  the  front,  and  21  inches  below  it  at  the  back. 


cccc 


a])art.       The    cylinders    are   C(»m- 


98 


Ixhcrirood — Boilers. 


[Jour.  Frank.  IiLst., 


Kach  t'liniaco  has  a  separate  hack  connection  18  inches  loni;-,  U'ni»;th- 
wisethe  boiler,  with  its  toj)  roinukHl  on  a  (jnadrantal  arc  of  14  inches 
radius.  Its  hack  is  flat  and  sei)arated  from  the  hack  end  of  the  hoiler- 
shell  by  a  flat  water-space  six  inches  wide,  ineludini>;  thicknesses  of  nietaL 
The  bottom  of  the  connection  is  a  horizontal  extension  of  the  bottom 
of  the  cylinder  ctmtainino;  the  furnace  and  the  sides  are  flat.  The  iiuier 
side  is  vertical  and  rises  from  the  horizontal  diameter  of  the  furnace. 
The  outer  side,  at  top,  is  vertical  for  the  depth  occupied  l)y  the  tul)es,. 
ami  thence  slopes  inwards  on  a  tano;ent  to  the  cylinder  containino-  the 
furnace.  The  cast  iron  bridjje-wall  of  the  furnace  is  extended  clear 
across  the  connecticm  .so  as  to  occupy  the  whole  of  the  lower  j)ortiou. 

From  each  back  connection  to  the  uptake  j)roeeed  8<)  horizontal  fire- 
tubes  of  seandcss  brass,  J-th  of  an  inch  thick  ;  70  of  them  arc  exj)andc<l 
<»u  one  side  and  riveted  over  the  other  side  of  their  tube-plates,  and  the 
remaininj!;  1(3  act  as  stays,  having  luits  upon  their  outer  i-nds.  The 
boiler  thus  contains  172  tubes,  of  three  inches  outside  diameter,  and  «> 
feet  10^'  inches  length  between  the  tube  plates,  which  are  of  y^ths  inch 
thick  iron.  These  tubes  are  arranged  in  twenty-four  rows  horizontally 
and  eight  rows  vertically,  but  the  number  iu  all  the  rows  is  not 
e  |Ual.     The  top  row  contains  twenty-two  tube.-;,  the  bottom  row  eoiitaius 


Fui.  4. 


<'ight  tubes,  the  row  next  to  the   bot- 
tom, twenty-two  tul)es,an<l  each  of  the    ,- 
other    rows    twenty-four.     The   tw(t 
groups  of  tubes  are  se})arated   by  a 
water  sj)ace   11    inches  wide  in  the    ; 
clear.       The    distance    between     the 
axes  of  the  tulx's  of  each   group   is, 
vertically,   4   inches,    and,    horizon-   S 
tally,  4^^  inches. 

All  the  tubes  discharge  into  one 
uptake,  which  at  the  toj)  delivers 
the  giises  of  cond)ustion  into  a  hori- 
zontal sheet  iron  flue  connecting  the 
u|)take  of  the  horizontal  fire-tube 
1  (oiler  with  that  of  the  vertical  water- 
tube  boiler,  and  from  the  centre  of  this  flue,  the  chimney,  common  to 
both  boilers,  rises.     The  uptake  has  the  usual   doors  for  access  to  the- 


-9fl. 
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tubes  for  .sweeping,  etc.,  and  the  furnace  doors  were  thoroughly  perfor- 
ated for  the  admission  of  air  above  the  incandescent  fuel  on  the  grates. 
The  foHowing  are  the  principal  dimensions  and  proportions  of  tiie 
horizontal  fire-tube  boiler : 

Diameter  of  the  shell,     ..... 

Length  of  the  shell,  exclusive  of  the  uptake, 

Number  of  furnaces,        ..... 

Breadth  of  furnaces,  .... 

I.<ength  of  grates,  ..... 

Total  area  of  grate  surface, 

Total  number  of  tubes,  .... 

External  diameter  of  tubes,  . 

Internal  diameter  of  tubes,  .... 

Length  of  tubes  in  clear  of  tube-plates, 

Totid  cro.ss  area  for  dh\ught  above  the  bridge-walls. 

Total  cro.ss  area  for  draught  through  the  tubes, 

Cross  area  of  the  chimney,  .... 

Diameter  of  the  chimney,     .... 

Height  of  the  chimney  above  the  level  of  grate-bars, 

Heating  surface  in  the  two  furnaces, 

Heating  surface  in  the  172  tubes,  measured  on  their  inner 

circumference,  ..... 

Heating  .surfoce  in  the  two  back  connexions. 
Heating  surface  in  the  one  uptake, 
Totid  water  heating  surface  in  the  l)oiler, 
S(piare  feet  of  water  heating  surface   per  square  foot  of 

grate  siu'face,  ..... 

Square  feet  of  grate  surface  per  square  foot  of  cross  area 

above  bridge-walls,        .... 
S(juare  feet  of  grate  surface  ])er  sipiare  foot  of  cross  area 

through  the  tubes,   ..... 
Square  feet  of  grate  surface  per  scpiare  foot  of  cross  area 

of  chimney,        ..... 
Water  room  to  6  inches  above  tubes, 
Steam  room  from  6  inches  above  tubes, 
(irreatest  heiirht  of  steam  room,    .... 


10  ft.    ■ 

9  ft. 

2 

3  ft. 

6  ft. 

.36  sq.  ft 

.- 

172 

3  in. 

2|  in. 

821  in. 

5*o5s(j. 

ft. 

7-24  s(|. 

ft. 

12-o7sq, 

,ft. 

4  ft. 

60  ft. 

64s(|.  ft 

861-24  sq. 

ft. 

76-5  s(|. 

ft. 

17-26sq. 

,  ft.. 

L019  sq.  ft 

28-30 

6-49 

4-97 

2-87 

325  cubi(! 

ft_ 

1()1  cubic 

ft.. 

2-35  ft. 

KH) 
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M.VNNKi;    OF    .\l.\Kl.\(i     IIIK    KX  I'KIM  M  KNTS. 


\\  itii  tlic  prt'ccdiiioly  (lcs(Til)(.(l  hnilci's  six  cxiHTiiiicnts  wcri' made,  of 
thirty  (•(iiiscciirivc  liuiii-s  diinition  cacli.nnd  in  prcci.^clv  tlir  .smu-  niaii- 
in  r.  Of  these  c'.xjK-riiiicnts,  two  were  made  with  the  horizontal  tire- 
tidic  l»oih'r,  iWH'  l)ein*r  made  with  Pemisvlvania  anthraeite,  and  the 
•other  with  senii-hitnminous  eoal  from  the  Cumherland  mines  of  Marv- 
laiid.  The  remainin<r  fonr  e.\|X'rimeiits  were  made  with  the  vertie:il 
Matir-tnlu'  Ixtik'r  and,  (»f  the.se,  two  were  made  with  Pennsylvania 
-.iiithraeite  and  were  nearly  reju'titional  ;  one  was  made  with  semi-hitn- 
niinons  coal  fnMii  the  ( 'iiml>ei-land  mines,  and  the  last  was  made  with  a 
ItitnminoMs  cakinir  <"oal  of  unknow  n  l<K-alit\-. 

The  anthraeite  was  of  lietter  (|iiality  than  the  aNcrauc,  and  the  semi- 
Kitmninon-  coal  was  of  poorer  (|iiality  than  the  avei'atic,  in  this  res|)eet — 
that  the  former  had  a  U'.ss,  and  the  latter  had  a  «ri'«'ater  percentajje  of 
refnse  than  the  averajre.  The  averau'e  i)ro|)ortion  of  refuse  in  fair 
nicrehantahle  anthracite  is  one-sixth,  and  in  fair  merehantahle  semi- 
l)itnminous  coal,  one-eit>lith.  Of  course,  the  (jnality  of  the  ^^a-sifiahle 
portion  of  these  coals  is  iKtt  attected  hy  their  pi-n-entatrt'  »»f  refuse. 

The  vap(»i"i/.ati«tn  took  pla<v  under  the  atmos|)heric  j)ressure,  increased 
>liirhtly  l»y  the  resistance  o|)pused  Itv  the  escape  pi|)e  to  the  effluent 
^team. 

AltlKtUixh  the  lioijers  stood  side  l»\  side  in  the  Ixiiler  hou<e,  ami 
«lcli\-ered  their  <rases  of  c(»Mil)U>tion  into  the  same  <'hinuiev,  thev  were 
uot  experimented  with  simultaneously.  The  ex|)eriments  with  the 
horizontal  fire-tul»e  hoilers  were  made  first,  and  tho.'^e  with  the  vertical 
water-tuhe  lioiler  last,  a  partition  of  hrick  masonry  hein^  teiuponirily 
placed  in  the  horizontal  flue  eonneetiujr  the  uptakes  of  the  hoilei-s,  ju.st 
Ixyoud  the  chinmey,  in  each  case.  ( )f  course,  hv  this  arramremeut 
the  entire  chimney,  wliicli  was  of  sufficient  cross  area  for  l»oth  Woilers, 
\\:i-  ii>ed  with  each.  i'lii-.aud  ihe  flict  that  the  experiments  wei'e 
made  at  different  times  under  different  atmospheric  conditions,  pi-eveutcd 
the  p<»ssil)ility  of  ascertaiuin^r  the  maxinmm  rat<'s  of  (•omi)Ustioii  for 
till'  two  ixiijei'-.  In  the  experiments  as  actuall\'  made,  there  were  no 
:ittempts  to  force  the  fires,  which  were  allowed  to  i)urn  with(»ut  further 
jittcution  than  what  was  re(p lire* I  to  keep  them  level,  clean,  free  of  holes 
:ind  al»out  ten  iuches  thick. 

The  experiments  were  made  dni'in^  the  months  of  March  and  April, 
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1873,  and  the  hoileiv  were  thoroujrhly  proteotod  In-  a   non-mndnctiii'^ 
fovering  of  a.sbe.sto.s. 

In  commencing  an  experiment,  the  tire.<;,  of  l(j  inehe.x  thi<'kne--N>» 
were  hronght  to  steady  action  Mith  the  steam  freely  l)lo\vinu-  off'  tlironi;h 
tlie  escai)e  pipe,  and  with  the  water  in  the  boiler  at  abont  (j  inches 
above  the  top  of  the  tnlx's.  The  iires  were  then  carefnlh-  leveled,  thc^ 
height  of  water  in  the  boiler  exactly  adjnsted,  the  thickness  of  the  fires 
notcnl  and  the  ex])eriment  held  to  commence.  Uj)  to  this  time  iu> 
account  wa.s  taken  of  tlie  coal  and  water;  i)nt,  from  this  time  to  the 
expiration  of-  the  thirty  hours,  all  the  coal  thrown  into  the  fni-iiaces 
was  accurately  weighed,  and  all  the  feed-water  admitted  to  the  boiler 
was  accurately  measured  in  a  tank,  and  the  quantities  noted  hourlv. 
At  the  end  of  the  ex|)eriment  the  fires  were  thoroughly  <'leaued  and 
made  of  the  .same  thickness  as  at  the  commencement,  with  the  watd- 
level  at  precisely  the  same  mark. 

All  the  coal  and  all  the  refuse  from   it   were   weighed  on   the  sann- 
scales  in  the  .same  iron  tub,  counterbalanced  to  prevent  error.     Tin 
same  firemen  were  employed  throughout. 

During  the  experiments,  regular  watches  were  kept  1)\-  Assistant 
Engineers  of  the  Xasy,  who  entered  in  the  columns  of  a  tal)ulai'  lr^^ 
all  the  necessary  ol)servation.s  from  hour  to  hour. 

The  data  and  results  of  the  experiments  will  !)<■  found  in  the  follow- 
ing table,  in  which  the  headings  (»f  the  colunuis  and  the  (lescription> 
<if  the  quantities  on  the  lines  are  so  full  that  no  further  exj)lanation  is 
needed.  The  ob.'^erved  data  are  from  the  original  notes  of  ('hicf 
Engineer  Baker,  l)ut  the  computations  were  made  by  the  writer. 

HKsrr/rs, 

In  order  that  the  results  of  the  experiments  should  l)e  strictiv  com- 
parable, as  reg-ards  the  economic  vaporization  of  water,  thev  sjionid 
have  been  made  with  e<pKd  quantities  of  water  vaporized  in  e(pi:il 
time,  which  im])lies  equal  quantities  of  the  heat  j)roduced  bv  the  fuel, 
absorbed  by  the  water  in  cfpial  time.  This  condition,  lio\\(\-er,  (hx  - 
jiot  obtain  in  the  experiments  as  perfectly  as  could  be  desired,  but  tin- 
de|>artures  from  it  were  not  sufficiently  wide  to  materiallv  affect  tin- 
conipari.^ons,  owing  to  the  facts  that  the  rate  of  conil)Ustion  at  tin- 
maximum  was  moderate,  and  that  the  heat-ab.^orbing  surface  was  ui-eat 
in  proportion  to  the  (piantity  of  heat  thrown  upon  it  ])er  hour. 
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Ill  tlif  <;i.<('  (»f"  tlu-  tw(»  experiments  D  and  E,  made  on  anthracite 
Avitli  the  vertical  water-tiilx'hoilcr,  llfj,()()7-233  and  1  29,9r)r)-2SS  jxtuiids 
itf  water  were  va|><»rizc(l  (hiriiiji-  the  e.\j)erimeiit.<  from  the  temperature 
<»t"  212  de^ree."^  Falircnlieit,  on  the  supposition  tliat  the  water  was 
supplied  at  that  temperature,  and  tlie  economic  results  were  respectively 
1'5'07(>4  and  l.'5M)477  pounds  of  water  vajxtrized  from  the  temperature 
of  212  de^rrees  Fahrenheit  by  one  j)ound  of  the  cond)astil)le  portion 
of  the  anthracite.  The  difference  in  the  ])otential  vaporiziition  ap})eai's 
here  not  to  have  iuHuenced  the  economic  va])orization.  It  is  undoubted, 
however,  that  to  some  extent — m(»re  or  less,  according  to  circumstances, 
— iiiciH-a.^ed  potential  vajtorization  is  accom|)anietl  by  deereiuseil  economic 
vajiorizjitloii  ;  but,  when  the  maximum  ]totential  vaporization  is  not 
irreat.  and  the  heat-absorl)intr,  surface  is  jrreat  in  ])roj)ortion  to  tlie 
<|uantity  ol'  heat  absorbed  in  a  tiiven  time,  the  effect  of  any  difference 
in  the  potential  vaj)orization  on  the  economic  va})orizati(»n  becomes 
siitticiently  small  to  be  ne»rlected  from  a  practical  jxiint  of  view. 

For  the  comparison  of  the  economic  vaporizations  l)y  the  horizontal 

tire-tube  and   the   vertical    water-tube  boilers,  irltcii  huntiiKj  (inflinwUr, 

we   have  ex|)eriments   A   and    K,  experiment    I)   not   beiuii    includtHJ 

b«'cause  t>f    its  lc.<s   potential   va|)«»ri/^itioii.       In   ex|)eriineiit  A,  made 

with  tlie  iiorizontal  tire-tube  l)oiler,  the  ecoiKHiiie  vaporization  fnnii  the 

Kinperature  of  212  decrees  Fahrenheit  was  1  1*4717    pounds   of   water 

per    pound    of    the    combustible   jxtrtion    of  the  anthracite;    while,  in 

•  xperiinent  K,  made  with  the  vertical  water-tube  boiler,  it  was  l.'J*0477 

pounds   of   water.       Hence,   irifh    (Hif/irdclfc,  the   vertical    water-tube 

boiler,  nn<ler  the  experimental  conditi<ms,  va])orized  )>er  pound  of  fuel 

/1:M)477— 11-4717  xlO()\      ,., -,  ^  .      .i        .i 

I l=:],;-/4  |>er  eeiitnin   more    wat<'r   tlian    the 

V  11-4717  / 

horizontal  Hre-tube  boiler.       Tiiis  perceiitatrc  would  have  been  les<  had 
tin-  potential  va|)orizations  in  the  two  exjieriments  been  cipial. 

For  tilt'  com])ari.son  of  the  economic  vaporizations  by  the  horizcmtal 
tire-tube  :in<l  theverticjil  water-tube  boilers,  ir/icn  htn-ti'nu/  xou'i-hHinii'm- 
(jiis  <-(ia/,  we  have  ex|)eriments  B  and  (',  in  which  the  j)oteiitiaI  va|)or- 
izati<»ns  were  nearlv  e(|nal.  In  experiment  B,  niad<'  with  the  lioriz(»n- 
tal  tire-tub*'  boiler,  the  economic  vajxtrization  from  the  temperature  of 
212  dcjrrees  Fahrenheit  was  ll-.")()7<)  pounds  of  water  per  pound  of 
the  combustible  ]>ortioii  of  the  semi-bituminoiis  coal,  while,  in  exper- 
iment  (\ni:i<le    with    the    vertical    water-tube    boiler,  it    was    I.'5".S477 
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pi  Hinds  of  water.     Hence,  with  semi-bifuininous  coal,  the  vertical  water- 

tnl)o  lx)iler,  under  the  experimental  conditions,  vaporized  per  ponnd  of 

..    ,/13-8477— 11-5670 X100\      ,f,.-.,  ,  ^        . 

lueli ]  =  li)  1 2  per  centum  more  water   than 

V  11 -0670  /  ^ 

tht'  horizontal  fire-tube  boiler. 

It  will  be  remembered  that  with  equal  weights  of  the  combustible 
portion  of  (lufhrdcife,  thv  vertical  water-tube  boiler  was  economically 
sctmewhat  less  than  13"  74  per  centum  superior  to  the  horizontal  fire- 
tul^e  boiler,  and  we  now  see  this  superiority  increased  to  19*72  per 
centum  for  equal  weights  of  the  combustible  ])ortion  of  semi-bituminous 
coal.  To  what  should  this  increase  be  attributed  ?  The  distillation 
of  semi-bituminous  coal  in  the  furnace,  previous  to  the  incandesence 
of  its  fixed  carbon,  produces  a  very  much  larger  quantity  of  combus- 
tible gases  than  the  similar  distillation  of  anthracite.  The  fixed  carbon 
of  both  coals  is  consumed  on  the  grate  in  the  solid  form,  but  the 
«oml)ustion  of  the  gases  takes  place  after  their  distillation,  in  the 
furnace  above  the  fixed  carbon,  and  in  the  tubes  also,  if  heat  and  oxygen 
enough  be  jn-esent,  rn^?  the  gases  be  sufficiently  interminyled  with  the 
latttr.  In  the  horizontal  fire-tube  there  is  nothing  to  produce  this 
necessary  intermingling  ;  there  is  no  obstruction,  the  gases  pass  rapidlv 
through  it  in  parallel  streaks  unmixed;  but,  with  the  vertical  Mater- 
tubes,  the  tubes  themselves  are  mechanical  mixers,  standing,  as  thev 
do,  in  and  across  the  current  of  the  gases.  To  their  position,  therefore, 
may  be  attributed  the  marked  difference  in  the  amount  of  their 
economic  gain  when  vaporizing  water  with  semi-bituminous  coal  and 
when  vaporizing  it  \vith  anthracite — the  one  a  very  gas-producing  and 
the  other  almost  a  non-gas-jirodncing  fuel.  The  superioritv  of  the 
vertical  Mater-tubes  may  be  due  not  only  to  their  better  absorption  of 
heat,  but  to  their  contributing  to  its  development  by  their  mechanical 
mixing  of  the  coal-gases  and  the  atmosj)heric  oxvgen.  If  these 
hyj>otheses  are  correct,  the  vertical  Mater-tube  boiler,  comparatively 
with  the  horizontal  fire-tube  boiler,  should  have  a  greater  economic 
superiority  in  the  \'ai)orizati()n  of  Mater  the  more  gas-])roducing  the 
coal  consumed. 

It  Mill  be  observed  that  the  foregoing  ciomparisons  between  the  two 
boilers  are  for  substantially  equal  jiotential  vaporizations  per  houi-  oi-, 
roughly,  for  e(|iial  rates  of  combustion  ;  but  had  each  l)oiler  been  fired 
to  its  maximum,  about  fifty  per  centum  more  coal   Mould  have  been 
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consiinuMl  in  tlio  same  tiiiu'  in  tlu'  li»>ri/.(»ntal  Hiv-tulK'  toiler  than  in 
the  vorticiil  water-tnbo  hoik-r,  and  with  al)()Ut  twcnty-tivo  {kt  evntinn 
less  ecoiioniy  per  pound  of  f'ncl,  pnMhu-inii- about  twenty-five  i)er  eentuin 
more  steam  |)('i'  houi*. 

As  reo-ards  the  rehitive  e<'on<»nnc  etticieney  of  the  (•onil)Ustil)le  |)iii- 
tion  ol"  anthracite  and  of  senii-hituniinous  coal,  eo/*N«//i/v^  iu  f/iv  lior- 
izoiifd/  firc-tnhc  hin'f(r,-<\  (•oin|)ari>on  ot"  tlie  ccononiic  vaporizations  p<i" 
pound  of  these  (■onil)Ustil»h'  portions,  oiven  in  experiments  A  and  15, 
shows  that  the  two  fuels  were  al)out  e(pial,  the  resuhs  hcMuo-,  in  exper- 
iment A,  ir4717  |><»und>  ot'  water  vaporized  from  the  temperature  t>f 
212  (h'iirees  Fahrenheit  hy  one  poun<l  of  the  eoml)ustihh'  portion  of 
anthracite,  and  ll'oHTO  |toun<ls  of  water  vajmri zed  from  the  saiii'- 
temperatui-e  1)\'  the  pound  ot"  the  (•omltu>til)le  |)ortion  of  semi-hitmni.i- 
ous  coah 

If,  however,  the  comparison  he  math' for  the  [)ound  of  coal   in  the  tvv(» 

cases,  assumin<i- the  refuse  in  the  anthracite  at  one-sixth   and    in   senii- 

hitiuuinon>   ci»al   at   onc-ei<;hth    of  the    ^•ross    weitiht,   which    are    tli'- 

a\-erai:('>  iu  |)ractice,  tlieu  the  economic  va|>orizati<tn  of  water  from    tli'- 

t<"m|)ci"ature   i>f    212   de<i"rcc-^    I'^ihrenheit    per   pound    of  coal    heconi  •-» 

(11*4717    •  ;|=)!)-.").">9S  pouud>  foi-  the  anthracite  and   ( I  1 -."jImO  X  ;=  ) 

](>'r21-')  pounds  for  the  semi-liituminous  coal,  or  the  latter  is 

/1(>-I2l;i- l)-.V)i).Sy  lt)0\      -  -  .  ,  •       ,     ,1     r 

(_ 1=.)T2   per   centum    superior    to  tlic  torm- •. 

\  l)-.jo9S  / 

As  rejiards  the  relative  econtunic  cfHciency  of  tJic  cond)Ustil>N' 
porti<»u  of  anthracite  and  of  semi-l)ituminous  coal,  i-onstnnrd  in  /'> 
ri, -til-Ill  irtifir-tiihr  h(>i/rr,i\  comparison  of  the  economic  vaporization-, 
pel-  pound  of  these  coml)U-til)lc  portions,  iiiscn  in  experinu'Uts  10  iind 
('.shows  that  the  pound  of  the  (•(»nd>ustil)le  portion  of  the  anthraci^- 
va|)orized  in  experiment  1''.  1-"M>477  pounds  of  water  from  the  tempe-- 
at lire  of  212  decrees  I'^dircnhcit,  while  the  pouixl  of  the  comhustiMe 
portion  of  the  semi-hituminou-  coal  va|)orized,  in  experiment  ( ', 
lo"S477  |)ound>  of  water  from  the  same  tem|)eratiu"c  ;  hence,  tlu- 
ectiuomic  ctHcicncv   of  a    pound   of  the   cond»u>tii»l<'    portion   of  sem- 

,.       .  ,  /l;',-H477— l:i'()477  X  1()()\      ,.  ,., 

Iiitununou-    <oal     was! )^()|.,    per   centum 

\  l:W)477  / 

irreatcr  th:in  that  of  a  jiound  of  tin'  eomltustii»lc  portion  of  aiuhracife. 

If.  howe\er.  the  comparison  he  made  foi-  the    |)ound    of  eoal    in    the 

two   eases,  as^unnutr,  :i<   Ix'forc.  tli<'    ref'u>e     in    anthracite  :it    onc-sixt'i 
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and  in  senii-bituniinoiis  coal  at  one-eighth  of  tlie  gross  weight,  then 

the   economic    vaporization   of    water  from   the  temperatnre    of  212 

<legrees  Fahrenheit  per  pound  of  coal  becomes  (13*0477  Xf=)10"87''>l 

l)oands  for  the  anthracite  and  (18'8477X|^)12"1167  pounds  for  the 

.,.,      .                1          .1      w.       .    /12-1167— 10-8731  X100\ 
senii-l)ituniinous    coal,    or  the   latter    is  I 1  = 

V  10-8731  / 

1 1'44  per  centum  .superior  to  the  former. 

T(  ►  determine  the  economic  efficiency  of  the  combustible  portion  <  »f 
the  caking  bituminous  coal  relatively  with  that  of  the  combustible 
jMirtion  of  anthracite  and  of  semi-bituminous  coal,  the  economic  va]>- 
(»rization  of  water  from  the  temperature  of  212  degrees  Fahrenheit, 
given  in  ex[)eriment  F,  by  the  pound  of  the  combustible  portion  of  the 
caking  bituminous  coal,  \vi  11  be  compared  M'ith  that  given  in  experiment 
E  by  the  pound  of  the  combu.stible  portion  of  anthracite  and  Avith  that 
given  in  experiment  C  by  the  pound  of  the  combustible  portion  of 
semi-bituminou'^  coal,  all  three  of  the  ex])eriments  having  been  made 
with  the  vertical  water-tube  boiler. 

In  experiment  E,  the  pound  of  the  combustible  portion  of  the  caking 
bituminous  coal  vaporize<l  from  the  temperature  of  212  degrees  Fah- 
renheit ll-77()9  ]»ounds  of  water.  In  experiment  E,  the  pound  of  the 
cond)ustible  portion  of  anthracite  va])orized  from  the  .<ame  temperature 
13'0477  pounds  of  water.  And,  in  ex]»eriment  C",  the  pound  of  the 
combustible  portion  of  semi-bituminous  c(»al  vaporized  from  the  same 
tem[)erature  13-8477  ])oundsof  water.  Hence,  the  economic  vaporation 
by  the  j)ound  of  the  coml)ustible  jiortion  of  caking  bituminous  coal  wa^ 

/13-()477  — ll-77()ll      1(»0\      ,._,  .1111  1 

( l=;)-(4  per  centum  less  than    l)v  the  ixtund 

\  13-0477  /  '  •  ' 

of  the  combusti])le  portion  of  the  anthracite.      And  the  economic   va|)- 

orization  by  the  [)ound  of  the  combustible  j)ortion  of  caking  bituminous 

,          /i3-8477— 11-77(39  X100\      .  ,  (,.  ^         ,         .        , 

coal  was  I l  =  14-il.)  per  centum    less  than    l)\ 

V  13-8477  /  ' 

the  |)ound  of  the  combustil)lc  portion  of  semi-bituminous  c(»al. 


Radiometer  Pressure. — h\  some  recent  exj)eriment.<,  C'rooke- 
has  employed  tlie  torsion  balance  in  order  to  estimate  the  moleculai- 
pressure  within  the  radiometer.  He  finds  that  it  varies  between  7  ten- 
millionths  and  9  four-millionths  of  an  atmosphere. —  Conijjfes  RendnK. 
Whole  No.  Vol.  CVII.— (Third  Sehie.s,  Vol.  Ixxvii.)  8 


106  Dynamo- Electric  Mnchine.'<.  [Jour.  Frank.  Inst., 

CIKCUMSTAXCES    IXFLUENCIXCi    THE     EFFICIENCY 
OF  DYXAMO-ELECTRIC  MACIIIXES. 


Bv  Pkop>>.  Edwin  J.  Hoi.ston  and  Ei.mr  Tiiomson."^^ 


Diii-iiio  the  recent  c'oni|K'titive  trial.>^  nuulc  at  the  Franklin  In.stituto 
a.>-  to  the  relative  efficiency  of  .some  different  forms  of  Dynamo-Electric 
Ma<-liine.-;,  the  authors  having  been  entrusted  with  the  \v<trk  of  deter- 
mining the  relations  hetween  the  mechanical  ]>ower  consumed  and  the 
electric  and  thermic  effects  j)ro<luced,  took  the  opportunity  thus  afford- 
ed t4»  make  a  careful  .<tudy  of  jnany  interesting  circumstanci's  which 
influence  the  efficiency  c)f  the.se  machines. 

It  is  purposed  in  the  present  paper  to  .select  from  the  many  circum- 
stances thus  noticed,  a  few  of  the  more  interesting,  nserxing  the  others 
for  future  consideration. 

It  will  readilv  l)e  understood  that  from  the  coni]»arMtively  new  field 
in  which  we  have  l)eeu  working,  no  reliahic  data  (»f  the  electri(-,d 
work  of  these  machines  having  before  been  obtained,  ditliculties  con- 
stantlv  aro.<e  owing  to  necessary  conditions  of  operation,  and  new 
developments  as  to  tlie  behax'ior  of  the  machines  under  \aried  condi- 
tion,'', were  constantly  met. 

A  convenient  arrangement  of  the  particular  circumstances  we  are 
alx)ut  to  discuss  niiiy  Ije,  1st,  Those  affecting  the  internal  w<»rk  of  the 
machine;  2d,  Tho.se  affecting  the  external  work,  and  .'»d.  The  relations 
Ix'tween  the  internal  and  external  work. 

The  mechanical  energy  employed  to  give  moti(»n  to  a  Dynamo- 
Electric  Machine  is  expended  in  two  ways,  viz.,  1st,  In  overcoming 
friction  and  the  resi.^tance  of  the  air ;  and,  2d,  In  moving  the  arma- 
ture of  the  machine  through  the  magnetic  Held,  the  latt<'r  of  courM- 
(•on.«titnting  .solelv  the  energy  available  f<»r  j)r(Klncing  electrical  current. 
The  greatest  amount  of  ])ower  exj)ended  in  the  fii"st  way  was  notIce<l 
to  Ix'  about  17  per  cent,  of  the  total  j)ower  empIoye<l.  This  ex|K.'ndi- 
ture  was  cleiirly  traceable  to  the  high  sjxed  re»|uir((l  by  the  machine. 
The  spee<l  therefore  reipiired  to  properly  oiMi-ate  a  mM<'hine  is  an 
important  factor  in  a.scertaining  its  efficiency. 

The  above  percentage  of   lo.ss  may  not  appear  great,    but    w  hen   it 

*  R€a(l  before  the  American  Plnlomphical  Society,  Xov.  1,  1878. 
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IS  <'ninj)arwl  with  the  total  work  done  in  tlie  iire,  as  heat,  constitnting 
as  it  did  in  tliis  partienlar  instanee  over  50  per  cent,  of  the  latter,  and 
:il>ont  .'i.3  per  cent,  of  the  total  work  c^f  the  circuit,  its  influence  i.s  not 
to  he  di.sregarded.  In  another  instance  the  work  consumed  as  friction 
^\as  e<|ual  to  about  80  per  cent,  of  that  a])p(^arino:  in  the  arc  as  heat, 
■while  in  the  Cxramme  machine  experimented  Avitli,  this  percentage  fell 
to  20  per  cent,  of  that  which  appeared  in  the  arc  a.s  heat,  and  wa.s 
only  about  7  jier  cerit.  of  the  total  power  consumed  in  driving  the 
mjichine. 

In  regard  to  the  second  way  in  which  mechanical  energy  is  consumed, 
viz.:  in  overcoming  the  resistance  necessary  to  move  the  armature 
through  the  magnetic  field,  or  in  other  words,  to  j^roduce  electrical 
current,  it  nuist  not  be  supposed  that  all  this  electrical  work  appears 
in  the  circuit  of  the  machine,  siifee' a 'considerable  portion  is  expended 
in  prcKlucing  what  we  term  the  local  action  of  the  machine,  that  is 
lo(?d  circuits  in  the  conducting  masses  of  metal,  other  than  the  -vdre, 
Voaposing  the  machine;^"'  ''''''^  ^^''^   bou)^,-iyb;. 

The  following  instances  of  the  relation  between  the  actual  work  of 
the  circuit,  and  that  expended  in  local  action,  will  show  that  this  latter 
is  in  no  wise  U)  be  neglected.  In  one  instance  an  amount  of  power 
somewhat  more  than  double  the  total  work  of  the  circuit  was  thus 
expended.  In  this  instance  also  it  constituted  more  than  five  times  the 
total  amount  of  power  utilized  in  the  arc  for  the  production  of  light. 
In  another  instance  it  constituted  less  than  one-third  the  total  work  of 
tlie  circuit,  and  somewhat  more  than  one-half  the  Avork  in  the  arc. 

(Jf  course  work  expended  in  local  action  is  simply  thrown  awav, 
since  it  adds  only  to  the  heating  of  tlie  machine.  And  since  tlie  latter 
increases  its  electrical  resistance,  it  is  doubly  injurious. 

The  local  action  of  dynamo-electric  machines  is  analogous  to  the 
lo^sil  action  of  a  battery,  and  is  equally  injurious  in  its  effects  upon  the 
,  available  current. 

Again,  in  regard  to  the  internal  work  of  a  machine,  since  all  this  is 
eventually  reduce<l  to  hciit  in  the  machine,  the  temperature  during 
running  must  continually  rise  until  the  loss  by  radiation  and  convec- 
tion into  the  surrounding  air,  C({ual  the  j)ro(luction,  and  thus  the 
miichine  will  ac(juire  a  constant  temperature.  This  temperature,  how- 
\  cr.  will  differ  in  different  machines  according  to  their  construction, 
and  to  the  power  expended  in    ]>roducing  the  internal  work,  being,  of 
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omi'se,  hii:;her  when  the  power  expended  in  [)riKhieing-  the  internal 
work  is  proportionally  high. 

If  therefore  a  niaehine  during  running  ae(juire.s  a  high  tenn)eratin"e 
when  a  projK'r  external  re.>^istanee  is  ein|)loye<l,  its  eliieienc-y  will  l>e^ 
low.  Jiut  it  should  not  be  supposed  that  because  a  niaehine  when  run 
without  external  resistance,  that  is  on  short  circuit,  heats  rai)idly,  that 
inetticiencv  is  shown  thereby.  On  the  contrary,  should  a  machim- 
remain  comparatively  cool  when  a  proper  external  rcsistanee  is  ciu- 
j>loved,  and  heat  greatly,  when  put  on  short  circuit,  these  conditions, 
sinndtl  be  regarded  as  a  proof  of  its  etticieney. 

As  a  rule  the  internal  resistance  of  Dynamo-Electric  Machines  isw 
low.  that  to  replace  them  by  a  battery,  the  latter,  to  possess  an  ecju.il 
internal  resistance,  would  have  to  be  matle  of  very  large  dimension.--, 
so  that  the  efficiency  of  Dynamo-Electric  Machines  rannot  Ik?  .stabnl 
in  terms  of  batter)'  cells  as  ordinarily  constructed. 

In  regard  to  the  .second  division,  viz.,  the  external  work  of  the 
machine,  this  may  be  applied  in  the  production  (»f  light,  heat,  elec- 
trolysis, magnetism,  etc. 

Where  it  is  desired  to  prcMluce  light,  the  external  resistance  is  gen- 
erally that  of  an  arc  formed  between  two  cari)on  electrodes;  tlw 
re-sistiintr  of  the  arc  is  therefore  an  important  fact(»r  in  determining 
the  efficiency.  To  realize  the  greatest  economy,  the  resi.stance  of  the 
arc  .shouUl  be  low,  but  nevertheless  .should  constitute  the  greater  part 
of  the  entire  circuit  resistant. 

In  sonic  of  our  mea.surements  the  resistance  of  the  arc  wits  surpris- 
ingly low,  being  in  one  in.stance  "54  ohm.,  and  in  an<»ther  '~S)  ohm. 
It  w:is  however  in  some  instances  as  high  as  .'MS  ohms. 

It  iiiav  be  noted,  as  an  interesting  i'act,  that  where  thi-  greatest  cui- 
rent  was  tlowing,  the  resistance  of  the  arc  thereby  produced  was  low. 
This  is  un<loubtedly  due  to  higher  temperature  and  increased  \a|)or!- 
/.ation  from  the  earixms.  I  n  tlii>  latter  case  als<i  the  greatest  amount, 
ot"  light  was  produced. 

The  amount  of  W(trk  apj)earing  in  the  arc  as  measured  l»y  (lie  mim- 
l>er  of  foot  |)ounds  eciuivalent  thereto,  is  not  necessarily  an  index  of 
the  lighting  power.  In  two  instances  of  measurement,  the  amount 
of  energy  thus  ap|)earing  in  the  arc  was  e([ual,  while  the  lighting 
powers  were  proportionately  as  three  to  four.  This  ap])arent  an<»maly 
is  explained    by  considering    the   resi.stance   of  the   arc,  it    being   nineh 
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less  in  the  case  in  which  the  greater  light  was  produced.  The  heat 
in  this  ease  being  evolved  in  less  space,  the  temperature  of  the  carljons 
-and  therefore  their  light-giving  powers,  was  considerably  increased. 

A  few  remarks  on  the  economical  production  of  light  from  electrical 
<nn'rent  may  not  be  out  of  place.  The  light  emitted  by  an  incandes- 
^•ent  solid  will  increase  as  its  temperature  is  increased.  In  the  voltaic 
jirc  the  limit  to  increase  of  temperature  is  in  the  too  rapid  vaporiza- 
tion of  the  carbon.  Before  this  point  is  reached,  however,  the  tem- 
jx-rature  is  such  that  the  light  emitted  is  exceedingly  intense.  No 
reliable  method  of  mea.suring  the  temperature  of  the  arc  has  as  yet 
lxM?n  found. 

A  well  known  method  of  obtaining  light  from  electrical  currents  is 
by  constructing  a  resistance  of  some  material  such  as  platinum  having 
31  high  fusing  point  and  heated  to  incandescence  by  the  passage  of  a 
<'urrent.  AVhen  platinum  is  employed  the  limit  to  its  increase  of 
temjierature  is  the  fusing  })oint  of  the  })latinum,  which  is  unquestion- 
jibly  but  a  fraction  of  the  temperature  required  to  vaporize  carbon. 
M^ere  the  falling  off  in  the  amount  of  light  emitted  merely  propor- 
tional to  the  decrease  in  temperature,  the  method  last  described  might 
l>e  economical.  ITnfortunately  however  for  this  metho<l,  many  facts 
show  that  the  decrease  in  the  light  emitted  is  far  greater  than  the 
ilecrease  of  the  temperature.  Most  solids  may  be  heated  to  1000°F., 
without  practically  emitting  light.  .Vt  2000°F.,  the  light  emitted  is 
such  that  the  body  is  said  to  be  a  bright  red.  At  4000°F.,  the 
iimount  of  light  will  have  increased  more  than  twice,  probably  as 
much  as  four  times  that  emitted  at  2()0()°F.  It  is  reasonable  to 
suppose  that  with  a  further  increase  of  temperature,  the  same  ratio  of 
increa.se  will  be  observed,  the  jn'oportionate  increase  in  luminous 
intensity'  far  exceeding  the  increase  in  temperature. 

It  would  therefore  appear  that  the  employment  of  a  resistance  of 
})latinum  or  other  similar  substance,  whose  temperature  of  alteration 
vi'  state  as  com})ared  with  that  of  carbon  is  low,  must  be  far  less 
e<*ononiical  than  the  employment  of  the  arc  itself,  which  as  now  pro- 
dnr-ed  has  been  estimated  as  al)out  two  or  three  times  less  expensive 
than  gas. 

Indeed  it  would  scnn  that  futiuv  iiu])rovements  in  obtaining  light 
from  electrical  currents  A\-ill  rather  i)e  bv  the  use  of  a  sufficient  resist- 
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ance   in  the  iiutst  limited   >\kuv   practicalile,  tliOR'hy  ohtaiiiiiiii'   in   siirli 
.space  the  hii»he.st  possible  temperature. 

Perhaps  the  liighest  estimate  that  can  l>e  ^iveii  of  tiie  etticieney  of 
Dynamo-Eleetrie-Maehines  as  ordinarily  iLsed,  is  not  over  50  percent., 
our  measurements  ha\i'  not  jyiven  more  than  38  jwr  (;ent.  Future 
improvements  may  increase  this  proportion.  Since  tlie  efficiency  of  an 
ordinary  steam  engine  and  holler  in  ntilizinii'  the  lieat  of  the  fuel  is 
proi)al)ly  overestimated  at  20  \)vv  cent.,  the  apparent  maximum  j>^'r- 
centa«j:;e  of"  heat  that  coidd  he  recovered  from  the  current  developed  in 
a  Dynamo-Electric- Machine  would  he  <iveresti mated  at  1<>  per  cent. 
The  economical  heatinu'  of  l)nildiniis  hv  means  cif  ele<'ti'icit\  mav  there- 
fore he  re*iarded  as  totally  impracticahle. 

Attention  has,  lono-  a»2,'o,  lu'cn  directed  to  the  use  of'  Dynamo-Klcc.rric 
Machines  for  the  conveyance  of  powxr,  'i'heir  employment  for  tins 
|>urposi'  would  indeed  seem  to  1k'  quite  promisin*;.  Since  in  this  case 
one  machine  is  emj)loyed  to  produce  electrical  currents,  to  l)e  recon- 
verte<l  int<»  mechanical  iorce  hy  another  machine,  the  (piestion  of 
economy  rests  in  the  |)erfection  of  the  machines  and  in  their  i-el;ifi\e 
I'csistaiK'cs. 

In  res|»ect  to  the  relations  that  sh(»nld  e.\i>t  Uetween  the  external  uid 
internal  work  of  Dynamo-Electric  Machines,  it  will  i)e  found  that  tlie 
grwitest  I'thciency  will,  of  course,  exist  where  the  external  work  is 
much  <i:;reater  than  the  internal  work,  and  this  will  he  proportionately 
greater  {IS  the  external  resistance  is  greater.  ()ur  measurements  g-<ive 
in  one  instance  the  relation  of  'S'i  ohm.  of  the  arc  to  '4d  ohm.  of  the 
machine,  a  condition  which  indicates  economy  in  W(trking.  The  otiier 
extreme  was  found  in  an  instance  Mhere  the  resistance  of  the  arc  was 
1*93  ohm.,  while  that  of  the  machine  was  4*<itl  ohms.,  a  condition  iudi- 
cjiting  wastefulness  of  power. 


Nickel  Compass  Needles. — •Ios<'ph  Whaiton  has  sent  to  the 

I'Vench  Academy  a  marine  compass  with  a  nickel  needle,  construct«Ml 
nearly  after  Sir  Wm.  Thomson's  model.  F<tiu"  similar  com] )asses  huvt- 
l)cen  placed  on  RiLs^ian  crui.<ers.  It  is  |>ro|)osed  that  the  liftli  should 
he  |)Ut  on  a  I'^-cnch  ship  for  comparison  with  steel  needles. —  < '(>iiipft>- 
liindii.s. 
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PHOTOGRAPHY  AS  APPLIED  TO  THE  REPRODUC  TIOX 
OF  PLANS  AND  DRAAVIXGS. 


B\-  David  T()\\xsem),  1>.  S. 


-  The  varioa^^  iiioaus  hy  which  dra\s'ing;s  may  1)0  copied  without  tin- 
aid  of  a  camera  will,  I  think,  be  of  intere.st  to  all,  but  more  especially 
to  draughtsmen  and  engineers  whose  time  is  valuable  and  whose  dis- 
like to  makino;  intricate  tracino-.-;,  proverbial.  The  dilferent  proce>>se,s, 
which  I  will  describe  in  detail,  were  all  practiced  in  my  laboratory 
with  a  view  to  the  adoption  of  the  l)est  by  the  works  with  mIucIi  I  am 
connected.  I  write,  therefore,  to  benefit  those  who  may  be  already  on 
the  road  (»r  who  wish  to  follow  after.  But,  before  pa.ssinu;  to  details, 
it  would  be  well  to  consider  the  substances  u.<ed  as  sensitizers,  or  ])ic- 
ture  pro(hu^ers,  and  the  effect  which  light  has  u])on  them.  Tliis  w  ill 
enal>le  as  to  better  understand  the  chemistiy  of  the  processes  and  per- 
haj)s  point  the  way  to  new  fields  and  improvements.  The  crompounds 
most  used  to  make  a  sensitive  paper  are  chloride  of  .silver,  the  jier- 
salts  of  iron  and  uranium,  and  l)i-chroniate  of  })otassium.  These  will 
be  considered,  with  rejiard  to  the  chauiics  produ(vd  on  them  by  liiiht, 
in  the  order  named. 

>.fr(t  bfic  .vl'fo//  f^rfr'' 
Chloride  of  Silver. 

Chloride  of  silver  was  the  first  substance  noticed  that  chanjje<^l  by 
exposure  to  light.  Its  properties  were  known  to  the  alchemists  of  the 
sixteenth  century,  who  called  it  ^^  lua  coi-nua,''  but  it  was  fii-st  brouj^ht 
to  notice  by  the  researches  of  Scheeleia  1778.  This  celebrated  chem- 
ist observed  that  M'henever  chloride  of  silver  was  exposed  to  lifi;ht, 
chlorine  was  liberated,  prod uci no-  a  blackeninti-,  and  that  on  treating; 
this  black  ivsidue  with  ammonia,  metallic  silver  was  left  behind.  The 
l>re,scnt  theory  is  that  the  chloride  is  reduced  to  the  state  of  sub-crhlo- 
ride  by  the  action  of  litiht  and  free  chlorine  is  liberated.  It  was  also 
iil)served  that  when  silver  chloride  was  e.\|)(>sc(l  in  the  presence  of 
nitrate  of  silver  the  blackenino-  was  nuich  more  rapid,  owin<>'  to  the 
fa(!t  that  the  free  chlorine  liberated  united  with  the  siKcr  nitrate  to 
|>roduce  fresh  silver  chloride.  Thus  we  conclude  that  the  sensitiveness 
is  increased  in  proportion  as  there  is  a  chlorine  absorbent  present.      If, 
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tlieii,  we  sensitize  a  piece  of  paper,  that  has  previously  been  salted, 
with  nitrate  of  silver  in  solution,  the  sodium  <'hloride  will  ]>re('i]>itate 
^ttnie  <)f  the  silver  as  chloride  while  the  excess  will  still  remain  as 
nitrate,  thus  makin»r  a  hiirhly  sensitive  surface  and  fultillinii-  all  that  is 
rc(|uired  f«»r  printinu"  pictures. 

Il{<).\    AND    I^RANIUM. 

The  next  salts  we  shall  consider,  in  rejj:ard  to  their  behavior  when 
exposecl  to  litrht,  are  those  of  iron  and  uranimii.  Their  reactions  are 
similar,  and  we  are  indebted  to  Sir  John  Hcrschel  and  Xiepce  de  »St. 
N'ictor  for  the  discoverv  f»f  their  peculiar  properties.  If  we  take  two 
pieces  of  paj)cr  and  brush  them  with  a  solution  of  ferric  chloride,  then 
c\])ose  one  to  the  li<rlit  and  retain  the  other,  finally  How  fcrricyanitle 
<»f  pota.ssinm  over  both  wc  will  find  that  the  one  that  was  exjx)sed 
will  turn  blue,  while  the  other  will  remain  unaltered.  Now,  as  ferri- 
<  yanidc  of  potassium  precipitates  iron  only  in  the  ferrous  state,  Me 
«oncludc  that  the  action  of  li<rht  has  been  to  reduce  the  ferric  chloride 
( Fe^Cl,;)  to  ferrous  chloride  (P\»C'U).  By  similar  experiments  we  may 
sav  that  the  action  of  liifht  on  all  ferric  s;ilts,  under  certain  conditions, 
i-  to  reduce  them  to  the  ferrous  state.  The  conditions  to  which  I  refer 
are  tlie  j)rcsence  of  some  orj^anic  matter,  such  as  the  paper,  jjlazing,  etc., 
because  otherwise  the  reduction  is  cxceedin<>;ly  shtw.  This  property  of 
reduction  bv  liji'lit  possessed  bv  all  per-salts  of  iron  should  be  esjM'cially 
remembered,  as  it  forms  the  basis  of  a  inimbei' of  processes  whose  details 
will  Ix'  i^iven  hereafter.  The  acti<»n  of  liuht  on  the  per-salts  of 
uranium,  especially  the  nitrate,  is  exactly  similar  to  its  action  on  ii-on, 
it  reduces  all  uranic  to  uranous  com|)ounds. 

(  'llltoMIlM. 

The  remainini:-  metallic  com|)ouiids  which  are  of  \alneas  sensitiziuii; 
atfents  are  those  of  chromium  cond)ined  with  the  alkalies.  Tin* 
alkaline  hichi'oinatcs,  and  especially  of  |)otassium  arc,  under  certain 
i'onditions,  tar  more  sensitive  to  the  action  of  li)i;ht  than  either  nitrate  or 
«'hloi-ide  of  silver.  Potassium  bi-chi'omatc  (K2C'r/^7)  by  itself  is  a 
|Mi-mancut  salt,  but  when  in  contact  with  orfianic  substances,  it  (piickly 
decomposes  in  the  li^ht.  This  property  and  its  extreme  sensitiveness 
rendci"s  it  invaluable  to  ])hotoirra|)hy,  in  which  it  foi-ms  the  basis  for 
niimerons  processes,  such  as  the  ('arbon.  \\  oodi)ury,  IMiotolitho<>'ra|)hic, 
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<*tc.       It  is  also  the    principal    ingredient   in  the  aniline  process,  at 
present  ranch  nsed   in   Enrope  for  the  reproduction  of  drawings. 

Having  thus  seen  the  action  which  light  produces  on  the  different 
sul)stances,  Ave  will  now  consider  how  we  can  best  use  their  peculiar  pro- 
perties for  ])roducing  photographic  pictures.  It  would  be  well  to  mention 
li'-re  that  in  (til  cases,  whatever  the  process,  the  operations  of  j)r(xlueing 
i\  picture  are  substantially  the  s;ime.  First,  there  must  be  a  suitable 
>upport,  or  ground  on  wliich  the  })icture  is  to  be  produced,  such  ius 
I  taper  ;  second,  the  ground  must  be  coated  with  substances,  called  sensi- 
tizers, which  shall  be  sensitively  aifected  by  the  light ;  third,  chemical 
reagents  must  be  used  which  will  ci>mbine  with  and  develo]>  the  image 
jtroduced  upon  the  sensitive  paj)er,  and,  fourth,  fixing  agents  or  chemical 
?s<dvents  must  be  used  that  will  dissolve  all  unaltered  sensitizing  agents 
and  make  the  picture  ])ernianent.  Let  us  now  consider  the  different 
jiP'K -esses. 

Sii.vEij  Process, 

As  was  stated  l)efore,  Scheele  was  the  first  to  point  out  the  effect 
which  light  had  on  chloride  of  silver,  l)ut  Sir  Humphry  Davy,  in  1802, 
was  the  first  to  produce  a  })icture  by  the  silver  process;  since  that  time 
it  has  made  rajiid  strides  toward  ])erfectiou  and  it  is  to-day  the  only 
pi'inting  process  that  has  taken  firm  hold  on  practice.  Of  all  the  pro- 
oes'^es  which  I  shall  give,  it  is  the  most  reliable,  the  ejusiest  to  govern, 
^nd  yields  the  best  results.  The  manipulations  required  are  more  numer- 
<n\'<  than  difficult,  and  after  a  little  ]>ractice,  become  as  easy  as  simpler 
iii'thods.     The  operations  taken  in  their  order  are  as  follows: — 

1.  Prej)aring  the  |)ai»er,  or  sjdting. 

2.  Sensitizing. 
.">.   Exj)osing. 
4.  Washing. 
r>.  Toning. 

<i.    Washing. 

7.  Fixing. 

X.    Final  washing. 

(1)  >S(t/tiiif/  the  Pdjter. 

As  the  |)lain  salted  paj)er,  which  is  invariably  used  for  this  })rocasSy 
i>  easily  obtainable  in  the  markets  in  sheets  of  any  size,  it  is  not 
iie<essary  that  time  should  be  consumed  in  its  ])reparation  ;  but  for 
those  who  are  not  convenient  to  any  dej)ot,  or  who  wish   to  jn'cpare  it 


114 


loii'iissiiif — I'liofiif/rxjtlii/.  [Jour.  Frank.  In.«*t.. 


ti»r  tlu'insclvcs,  the  toUowiiiu'  (lircctiuii-.  will  he  of  \;iluf.  i'lif  |»a|Mi*v 
iint.<t  preferred  are  the  Rive  and  Steiiihaeh,  hut  other  hraiids  <»t'  KM>;li-.h 
and  Aiuerieaii  nitinut'aeture  will  answei-  just  a-;  well  t'oi-  this  |)m"|i<>s(.'. 
it'  the  |>a|)er  he  ot"  the  fiiie.st  (|iialit\-  iiii|>(irted  the  <altiii<i-  .<i)hiti<>r»  i< 
e<>nijt<»S(H|  of" 

Aninioniuni  ehlnride,  1    part. 

Pure  water,  4(>    " 

hut  if"  it  he  the  ordinary  market  article,  or  ha.<  not  sufHeient  si/in-. 
thesohuion  should  contain  ; 


Soihinu  chloride, 
Aninioninni  chloride, 
Sfxlic  citrate, 
(Jelatine, 
Pure  water. 


4  |>art>. 

10      " 


.     h;(»    •' 


Siifhcient  of  the  .solution  nuist  he  made  to  eo\cr  the  hottom  of  a  pan 
to  the  (le|)th  of  half  an  inch.  The  pan  .should  he  two  inehe.-  larger 
ea<-h  wav  than  the  sheet  to  he  .sdte<l  and  mav  l»e  made  of  wood  or  tin, 
properlv  |)rotected.  It  w<»uld  he  well  to  state  here  that  all  the  |)ans, 
with  the  exception  of  the  silver  hath,  can  l)e  nuule  of  tin  thickly 
coated  on  hoth  sides  with  asphalt,  wliicli  renders  tliem  imper\-iou< 
to  acids  and  alkalies.  These  pans  should  he  made  of  a  size  to 
suit  the  lariicst  drawing-  to  he  eopied,  and  each  operation  should  have 
a  |)an  e>peeiall\'  for  that  pur|)ose.  The  salting  hath  i>  now  |»oure<l 
into  a  |)an,  and  all  huhhles  reniov*-*!  from  the  surface  with  a  pie<-e  of 
paper,  the  paper  to  he  salt<'<l  is  then  taken  hetween  the  thunih  and  tii'~t 
Mni:;er  of  each  hand,  at  opposite  cornel's,  ami  cuiscd  mi  that  on  lettin-.^ 
it  (h)wn  uiuil  in  contact  with  the  liipiid,  the  centre  lin<'  will  touch  tii-^t. 
The  i-i«iht  hand  i>  lowei'ed  carefully,  and  then  the  left,  until  the  paper 
floats  evenly  upon  the  sm'faee  of  the  .■solution.  If  any  air  huhh|c< 
ar«'  ohserved  under  the  sheet,  one  cornei-  is  lifted  and  the  hiilti)je- 
t«»uche<i  with  a  ^huKs  ro<l.  This  is  very  important,  other\\i.<e  the  ail', 
actiiiir  as  a  cushion,  prevent^  the  saltin;i  >olution  from  toiichin<;  the 
|>ap<'r  and  leaves  a  s|)ot  which  will  not  hecoiiH'  -eii-iti\c  in  iIm'  :ie.\t 
operation.  .\fter  allowin*;-  to  Hoat  thre<'  or  four  minutes,  the  |)aper  i-; 
raised  li\  liftiuii'  two  cornel's  on  the  short  .•«ide  and  drawin*:-  it  evenly 
from  the  hath,  after  which  it  i>  su.vpciidcd  from  a  line  hy  com|tre.-.sion 
pill-  and   allowed    to   dr\'.        The    proee--   of    >wimmiiiLi    the    paper,  :i- 
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<lo.-;eribed  above,  i.s  also  ap})lied  whoa  sensitizing-,  and  shouhl  he  prac- 
ticed until  perfection  is  attained.  Care  must  he  exercised  in  i)otli 
operations  not  to  allow  the  solution  to  flow  on  the  hack  ot"  the  paperr 
as  a  l)lack  sjxit  will  he  tlie  result  when  it  is  cxj)osed  to  the  liglit. 
When  the  [)ai)er  is  dry,  it  is  taken  from  the  line,  stamped  or  markcnl 
on  the  ha<4:,  and  laid  away  Hat,  to  he  used  as  needed.  A  (h'scri[»ti(in  ui" 
the  prej)aration  of  alhumen  paper  is  not  ufH-es-^ary,  as  it  is  sel(h>m  u.sed 
for  repriKJuctions  and  can  he  bought  nuich  cheaper  than  one  could 
make  it.  For  co])ying  very  fine  engravings  or  arehitectural  designs^ 
it  is  .•sometimes  desirable  becau.^e  of  the  brilliant  finish  and  the  pleas- 
ant color  "when  toned. 

(2)  Sriislflziii;/. 

We  now  come  to  the  second  »»[)eration,  namely,  sensitizing,  (»r  apj)ly- 
ing  a  .substance  which  will  be  affected  )>y  the  light.  In  this  I'ase,  we 
use  nitrate  of  silver,  the  thectry  being  that  when  the  salt  in  the  ])ajKT 
comes  in  eontaet  with  a  solution  containing  the  nitrate,  chloride  of 
silver  is  precipitated,  which  fornLs'  aii'  (Exceedingly  .seurfitive  surface,  in 
the  ])re,sence  of  an  exees.s  of  nitrate  of  silver  and  organic  mattei-. 

The  silver  bath  consists  of : — 

Cryst,  silver  nitrate. 

Citric  acid,        ..... 
Alcohol,     ..... 
Distilled  water,  .... 

The  pure  cry.^^tallized  nitrate  of  silver  is  dLssolved  in  ()ne  [)ortion  of" 
the  water,  the  citric  acid  in  another,  and  the  .solutions  added,  together 
with  the  alcoliol.  Pa])er  sensitized  with  this  bath  will  keej)  unaltered! 
for  months,  whereas,  if  oidy  nitrate  of  silver  and  water  had  been  used,, 
it  would  turn  yellow  in  a  short  time.  Enough  of  the  bath  should  l>e 
made  up  to  float  the  ])aper  without  touching  the  bottom  of  the  pan_ 
The  vessel  in  which  the  sensitizing  is  ])erformed  consists  of  a  tin  [)an,. 
thickly  |)ainted  with  a.'^])halt,  which,  when  dry,  is  coated  by  means  of 
a  brush  with  melted  wa.x.  This,  when  cold,  forms  a  good  lining  which 
is  not  in  the  lea.st  affected  by  the  siKcr  and  which  does  not  affect  or 
contaminate  it.  I  have  used  such  a  pan  for  moiuhs  withoiU  any 
])ercej)tible  change  in  either  the  pan  or  bath.  This  forms  a  ehea|)  and 
d(?sirable  substitute  for  j)orcelain,  which  would  be  difficult  to  get 
sufficiently   large.      The    mani))ulation  of   the   paju'i-    is   the  same  a-^ 
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(k'scriht'd  under  the  head  of"  .sdtino,  iH-iuir  shortly  a.-^  follows  : — The 
paper  i.>^  taken  at  two  (»pj)(»site  eorneiv  and  bent  evenly  without  inakinii; 
:inv  crea.^e.^  or  breaks.  It  is  then  held  over  the  l)ath  and  lowered, 
irently  until  it  touches  the  licjuid.  One  corner  is  then  lowerwl  until 
halt  the  |»apcr  lies  on  the  bath,  then  the  other  is  treate<l  likewise  The 
jtaper  should  alwavs  be  rolled  with  the  sidted  side  out,  otherwise  the 
id«res  will  dip  into  the  bath  on  Hoatiii^-  it,  ami  cause  spots  on  the  back. 
When  the  pa|»er  is  very  lar^^e  it  is  necessary  to  have  an  assistant  to 
prepare  it  ))ro|)erly.  If  any  bubbles  aj>pear  under  the  pai)er,  tliey 
iiuist  be  carefully  reujoved  with  a  ^rlass  rod,  but  when  the  slieets  are 
lar«re  it  will  be  more  convenient  to  touch  the  spots  with  a  clean  brush 
moistened  with  the  solution,  on  takinj;  the  paper  off  the  bath.  The 
paper  is  alhtwed  to  fl(tat  for  (»ne  minute  in  winter  and  forty  to  forty- 
rive  ."Seconds  in  summer.  The  temperature  of  the  bath  is  also  impor- 
tant, because  if  it  be  ice-cold  .seusitizinii'  will  |)rocccd  very  slowly, 
therefore  it  is  best  to  warm  the  li(piid  sli<rhtly  in  very  cold  weather. 
The  paper  is  just  the  opposite,  as  it  keeps  best  when  cold.  Sensitizing; 
should  be  |)crformed  in  a  dark  room,  i)liotourapliically  speaking;  that 
i«,  in  a  room  liirhted  only  by  such  colors  as  have  no  actinic  action  on 
■sensitive  sub.^tances,  such  as  red,  oranjjc,  or  yellow.  My  own  laboratory 
is  arranjred  with  heavy  yellow  shades,  put  <»n  rollers  which  slide  in 
irr<K»ves,  thus  I  can  have  actinic  or  non-actinic  li^ht  at  j)leasure  by 
"imply  raising-  (»r  lowerin«r  the  shades.  It  would  be  well  to  have  such 
an  arran«rement,  as  all  the  operations  to  the  Hnal  washintr  require  to  be 
{M'rfornied  in  uou-actinic  liijfht.  ('arc  should  be  taken  not  to  let  the 
<ilver  .>ioluti<»n  wet  the  back  of  the  pajx-r,  and  to  avoid  touchin<r  it  with 
uncli'an  fiuirers,  as  black  spots  will  ap|)ear  when  the  sheet  is  c.\j>osed,  and 
m:u-  the  beauty  of  thcdrawiuii;.  When  the  pajur  is  sutficiently  sensitized, 
it  is  drawn  carefully  from  the  bath,  and  sus|)ended  from  a  line  by 
•<'onipre.<sion  pins,  to  dry.  A  piece  of  blottinji"  j)aj)er  sh(»uld  be  placcnl 
under  it  t(»  catch  the  silver  soluti<m  whi<'h  drops  off  and  which  may 
Ite  retrained.  The  silver  bath  should  be  occasionally  tested  for  stren<i:;th, 
:ind,  if  weak,  the  proper  amount  of  new  nitrate  added.  It  may  also 
Ik  come  cloudy,  due  to  orpmic  matter,  but  this  may  be  removed  by 
:nl(liu<i  a  few  drops  of  |)otassium  permanganate  in  water  (1  to  100)  or 
until  a  faint  pink  color  is  produced,  then  puttin<r  it  in  the  sunli<;htfor 
-I'vcral  hours.     Silver  .<tains  on  the  hands  mav  be  removed  bv  rubl)ing 
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them  with  cyanick'  of  [)ota.s:r;iuni  and  water,  but  as  this  salt  is  a  deadly 
poisou  it  sliould  be  ased  \sith  great  care. 

(3)  Exposing. 
Next  is  the  exposing-  of  the  prepared  sensitive  paper  to  the  action  of 
light,  under  a  drawing  in  order  to  produce  a  copy.  The  theory  of  the 
operation  has  been  explained;  it  is  carried  out  in  what  is  known  a> 
the  printing  frame  (Fig.  1).  This  consists  of  a  wooden  box  having 
four  shallow  sides,  two  to  four  inches  in  height,  the  front  being  a  piece 
of  plate  glass,  fitting  in  the  frame,  and  the  back  (C)  consisting  of  two 
pieces  provided  with  liinges  so  that  either  side  may  be  ()[)ened  without 
disturbing  the  otiier.  The  back  is  pressed  tightly  ag-ainst  the  glass  l)v 
meaiLS  of  a  couple  of  springs  (A  and  B)  fastened  on  two  cross  ])ieces<tf 
wood  held  by  catches  and  liinges  to  the  frame.  To  the  back  is  glued 
a  soft  piece  of  canton  flannel  which  presses  against  the  glass.  These 
frames  may  be  procured  ready  made  from  .3  >  4  inches  up  to  20  ^  24 
inches,  and  other  sizes  may  be  had  to  order.  The  frame  is  carried  into 
the  dark  room,  the  back  removed,  and  the  drawing,  if  <in  tracing 
paper,  Ls  put  in  with  its  right  side  against  the  glass  ;  the  sheet  of 
prepared  [)a[)er  is  tlien  placed 
with  its  sensitive  side  against 
the  Iwck  of  the  drawing; 
two  or  three  thicknesses  of 
canton  flannel  are  next  laid 
in  and  then,  after  making- 
all  as  suKjoth  as  p<tssible, 
the  back  is  re[)laced  antl  the 
springs  shut.  If,  on  turning 
it  over,  any  wrinkles  appear, 
that  side  of  the  frame  is  re- 
opened and  a  piece  of  [)aper 
put  against  the  spot,  wlien  all  will  couk'  smiM.th  on  again  closing  the 
frame.  The  frame  is  now  carried  into  the  light  and  left  until  the  ])apcr 
turas  brown,  which  it  will  do  in  a  short  time.  It  is  then  c-arried  back 
and  opened  or,  if  not  in  siudigjit,  it  may  be  (piickly  examined  M'ithout 
taking  it  to  the  dark  room.  If  all  the  lines  are  still  white,  it  nnist  bi; 
closed  and  again  exposed  to  light,  l)ut  if  the  white  lines  are  slightl\- 
brown,  the  exiJosure  is  sufficient.  In  eveiy  cjise  the  print  should  be- 
over  exposed,  as  it  fades  considerably   in   the  subsequent  operations. 
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Nn  ^pc'cinl  direction.^  need  l)o  ^iivi'ii  in  rojranl  to  time,  a.s  it  varies 
«on!^i(leraI)ly  and  is,  Ix'sides,  easily  controlled.  The  picture  produced 
will  l>e  a  positive,  or  like  the  ori«rinal,  except  it  will  have  white  lines 
on  a  dark  ground.  In  order  to  produce  dark  lines  on  a  white  jjround, 
two  prints  are  re(piired  to  he  made,  one  reversed,  which  is  finished  and 
then  used  as  a  nejrative  to  produce  the  desired  positive.  Drawing 
iriade  on  tracing  cloth  may  he  j)rinted  either  as  ])ositive  or  neo:ative  at 
will,  hut  where  the  orioiiial  is  on  ref^ular  drawing  paper,  a  negative 
■onlv  can  !»•  |)roduce<l,  owing  to  the  thickness  of  the  pa])er.  Originals 
made  on  paper  that  is  soiled,  or  yellow  from  age,  can  not  he  copiwl 
hecanse  the  color  makes  them  non-actinic.  It  W(»uld  he  well  toremeni- 
lier  that  the  more  o|)a(pie  the  lines  of  the  original,  the  hetter  will  he 
the  c<»pv,  therefore  wc  make  use  of  the  non-actinic  pro])erties  of  certain 
*-ol<»rs  and  mix  brown,  vermillion,  or  yellow  with  the  India  ink  used 
in  making  the  dniw'ing.  It  is  a  goml  jdan  in  large  e.-!tal)lishments, 
where  a  great  many  copies  of  one  drawing  are  re(juired,  to  j)encil  the 
i.riginal  on  pai)er  and  finish  only  the  tracing  which  may  he  kept 
as  a  negative  to  rej)roduce  any  numher  of  copies.  My  own  experience 
has  been  that  tracing  cloth  is  much  better  than  paper,  as  it  is  less 
liable  to  tear  or  wi'inklc  and  gives  more  accni-atc  results. 

(4)  liW* />(//. 
After  obtaining  a  sufficient  exposure,  as  directed  above,  the  frame  is 
brought  into  the  dark  room  and  the  picture  removed;  it  is  then  put  in 
a  pan  of  sufficient  si/e,  arranged  so  that  water  may  run  in  at  one  side 
and  out  at  the  other,  and  left  until  the  water  beccmies  clear.  If  this 
•«-<mnot  be  conveniently  accomplished,  it  is  ])laced  in  a  i)an  and  the 
water  changed  four  times.  Now,  as  all  the  parts  protected  from  the 
litdit  still  contain  nitrate  of  silver,  this  will  be  dissolved  in  the  water 
:in<l  it  becomes  a  matter  of  economy  to  recover  it.  When  the  print  is 
small,  the  water  may  b(>  preserved  in  a  keg  and  the  silver  extracte<l  at 
lei«-nre,  but  where  running  water  is  used,  other  means  must  be  re.sorte<l 
to.  The  easiest  wav  is  to  place  two  old  felt  hats,  each  containing  a 
handful  of  c(.mmon  salt,  under  the  exit  |>ipe,  when  the  silver  in  pa.ssing 
through  the  salt  will  be  |)reci|)itated  as  chloride  and  caught  in  the 
fiUrs  of  the  felt.  In  the  course  (»f  time  the  hats  will  become  saturatc<l 
and  mav  then  be  dried,  burned,  and  the  silver  extracted.  The  next 
two  operations,  vi/.,  (5)  Toning  and  ((i)  Washing,  arc  seld.im  performed 
for  copyiuLT  drawings,  but  the   print   is   inunediately  fixed   after   being 
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wa.'-hed.     For  very  fine  line  engravingsi,  or  for  copying  photographs, 
they  are  ijnportant,  and  i^o  I  will  describe  them. 

(5)  Toniny. 

By  toning  we  mean  giving  color  or  tone  to  the  jMctnre.  The  chem- 
ical theory  is  somewhat  complicated  bnt  depends  principally  upon  the 
fact  that  when  a  neutral  solution  of  some  metallic  chloride,  such  as 
gold  (»r  ])latinum,  comes  in  contact  with  the  washed  print  the  chlorine 
leaves  the  gold  and  coml)ines  with  the  silver,  thus  forming  a  deposit 
•■of  gold  on  the  picture.  The  chloride  of  gold  is  generally  used  for 
thi'-  pur|)ose  and  a  normal  solutio)i  is  made  by  dissolving 

Chloride  of  gold  and  sodium,  .  .  1  part. 

In  dist.  water,      .  .  .  .  .      50     " 

Tlii-  is  kept  in  a  bottle  and  for  every  sheet  of  20  X  24  inches  3  cc. 
are  taken  and  mixed  with  oOO  cc.  of  the  follo^ving  solution: — 

Borax,  .....  1  part. 

Water,      .  .  .  .  .  150     " 

It  is  sometimes  convenient  to  keep  a  toning  bath  made  up  which  can 
\m-  used  a  number  of  times  ;  in  this  case  it  should  consist  of: — 

Chloride  of  gold,  .  .  .  .1         part. 

Chloride  (tf  calcium,  .  .  .  1*4         '' 

Water,  ....  4,564  *' 

A  little  gold  should  be  added  from  time  to  time,  as  the  bath  becomes 
exhausted.  As  nothing  but  small  prints  Avill  require  toning,  a  suit- 
able porcelain  dish  should  be  provided  and  ke])t  solely  for  this  purpose. 

(6)  W/(><hiii(/. 

This  washing  is  merely  to  remove  surplus  toning  solution  and  is 
not  very  imjxtrtant.  Five  minutes  in  running  water  will  be  sufficient, 
and  the  waste  need  not  be  saved  as  it  is  too  dilute  to  jmv  for  the 
tremble  of  extracting  the  silver. 

(7)  Flrintj. 
After  removing  all  metallic  salts,  soluble  in  water,  bv  washing,  it  is 
next  iiecess;u-y  to  dissolve  out  those  still  insolul)le  and  remaining  in  the 
j)arts  unacted  ujjon,  so  that  when  the  picture  is  finished  and  brought 
into  the  light,no  change  will  take  place.  The  solvent  generally  used  is 
]iyposul|)hiteof  sodium,  or  '^  hypo  "  solution,  as  it  is  technicallv  termed. 
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This.>*alt  luusa  peculiarity  which  should  l>c  ivuK'niiu'i-cd,  iianu'lv,  w  lu'ii  in 
cxccs.'^  it  acts  as  a  solvent  for  salts  of  silver,  hut  w  lieu  the  latter  an  in 
excess,  the  silver  is  precipitated  asstdphide  which,  wheu  in  contact  with 
the  [)aper,  heconu's  hlack  and  insoluhle.  (Jreat  care  must  therefore  l>c 
taken  to  have  the  hands  perfectly  free  from  "  hypo,"  when  silvering; 
the  paper  or  in  afterwards  handlino-  it,  otherwise  hlack  spots  and  tini;('r 
marks  will  he  produced.  The  fixino-  l)ath  consists  of: 
<i.       Hyposulphite  of  sckUi  (NajSgO.,),  .  .       1  part. 

Water,  .  .  .  .  .  10     " 

Concentrated  ammonia,     .  .  .  •       t\     '* 

or 
h.      Saturated  solution  of  hyposulphite,     .  .  1  i)art. 

Water,      .  .  .  .  .       S     " 

Saturatcnl  solution  hicarhonate  of  soda,  .  \     '' 

The  alkali  in  hoth  cases  is  used  to  neutralize  any  tree  acid  in  tiic 
.^-olution  which  would  otherwise  liherate  sulphur  and  produce  hhu'k 
spots  on  the  print.  I  think  fornuda  (/>)  is  preferal)Ie  to  fornuda  ((f), 
Itecause  the  aniiuonium  in  the  latter  causes  the  |)a|>er  to  hecome  very 
tender  and  it  is  much  more  ea.sily  torn.  The  solution  is  j)ut  in  a  \k\h 
kept  especially  for  the  ])urpose,  and  tlu'  washed  ])rint  transferre<l  hy 
takintj;  tw()  cornel's  and  liftinji;  it  carefully  from  the  surface  of  the  water. 
it  is  then  let  down  as  (piickly  as  jxtssihie  and  sj)eedily  coNcred  <»n  all 
|)arts  with  the  fixinj'-  solution,  l)ein<i;  careful  to  i'emo\-e  all  l)nl>l)le-. 
It  is  allowed  to  remain  com|>letcly  inunerscd  for  cij;ht  t(»  ten  iuinnt<-> 
in  warm  weather,  l)ut  it"  the  hath  is  c(»ld,  a  much  longer  time 
will  he  re(|uii"ed.  When  the  paj»er  looks  transparent  the  lixinu; 
is  linished.  The  |)rints  fade  considerahly  in  this  hath,  hut  rciiain  some 
ot"  their  color  when  washed  and  dried.  The  tixine  soluti«>n  nuist  nou 
he  removed  from  the  pa|»er  or  it  will  dissolve  the  ima«ii',  and  thi>  i^- 
aecom|)lished  hv  the    last    operation    to    which    the    pa]»er    is   sid))ected,. 

namely — 

(8)  Finn/     W'd.s/iiiif/. 

The  |)rint,  which  is  now  very  tender,  is  taken  hy  tin-  two  shortest 
corners  and  raised  oW  the  tixinu;  hath;  it  is  allowed  to  drain  thus  for  a 
short  time,  and  is  then  carried  to  a  pan  kept  es|)ecially  fortius  purpo^<  . 
TIk'  thoi'oujrhness  with  which  this  washinu:  is  pertormed  will  determine 
the  durahilitv  of  the  picture.  The  j)rints  cannot  he  washed  too  loui;, 
.it  heing  customary  in   photo^ra[)hic  estahlishments  to  leave  them   in 
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waU'r  all  nig-lit;  but  for  drawiiius,  if  tlie  water  Ik-  roinjjlctchj  cliaiigcd 
eiu^ht  or  ten  times,  it  will  .suffice.  In  any  ease,  let  tlieni  be  washed  as  \o\n^ 
as  the  time  will  allow .  The  jn'int  is  then  removed  and  pre.<se(l  between 
blotting  papers,  which  absorb  all  the  surface  moisture  and  make  the  print; 
nuich  lighter.  It  is  now  carried  into  a  light  room,  free  from  dust,  sus- 
])ended  from  a  line  bv  spring  clips,  and  left  until  drv.  Care  must  l>e 
taken  not  to  tear  the  paper,  and  thus  s[)oil  the  work.  When  dry,  the 
print  is  removed  and  trimmed,  and  is  considered  finished.  The  j)iwes  of 
j)aper  and  trimmings  .><hoidd  be  ])reserved,  as  they  contain  silver,  which 
mav  be  extracted,  or  sold  to  dealers,  wht)  give  nitrate  of  silver  in  i-eturn. 
r  have  described  this  process  at  some  length,  believing  it  the  l)est 
that  can  be  adoj)te(l.  It  has  numerous  advantages,  which  will  recom- 
mend themselves  to  all  having  nnich  <*(»])ying  work  to  do.  It  is  true, 
first  cost  is  again.<t  it,  but  the  results,  especially  for  large  work,  are  the 
be.xt  that  can  be  obtained  from  any  of  the  processes.  \\v  will  now 
pstss  on  to  otlier  methods. 

InoN. 

Next  in  im[)ortance  to  the  salts  of  silvei',  come  tho.^e  of  iron,  and 
their  reactions  furnish  us  with  numerous  methods  for  repine )ducing 
drawings.  The  compounds  of  iron  most  used  arc  certain  double  salts, 
sucli  as  citrate  of  iron  and  ammonia,  oxalate  of  iron  and  pota.<sium, 
tartrate  of  iron  and  anuuonium,  and,  of  the  single  salts,  the  oxalate 
and  ])er-chloride.  In  every  case  the  iron  must  be  in  the  ferric  state, 
otherwise  no  reduction  will  (»ccur,  and  conse(iuently  no  ])icture  will  be 
[)roduced.  All  the  processes  depend  up(m  the  reactiojis  of  ferro-  and 
ferri-eyanide  of  ijota.ssiimi  on  the  salts  of  iron,  as  already  explained. 
The  only  thing  we  have  to  consider,  then,  in  choosing  a  salt  for  a  .sen- 
sitizer i.s,  which  one  will  be  the  most  sejisitive  to  light,  andean  be  procured 
cheapest.     There  are  two  processes  which  may  be  considered  as  tv[)ical, 

the  first  being  called 

I^eli.kt's  Pkockss. 

This  was  invented  by  H.  Pellet,  of  Paris,  and  is  quite  recent.  It 
gives  a  blue  })icture  on  a  white  ground,  the  o|)erations  being  as  follows: 

The  best  quality  of  [)aper  must  be  \\^(A,  or  the  per-chloride  of  iron 
which  is  used  to  sensitize  it  will  soak  thntugh,  making  very  ugly  .xp(Us 
on  the  back  when  develojjcd.  \^  the  paper  is  not  sufficiently  glazed, 
H<[uid  gum  or  gelatine  should  be  added  to  the  sensitizing  bath.  I 
obtained  the  best  results  in  my  experiments  by  using  albumenized  paper 
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.<iuli  as  is  ii.sc'd  in  portrait  pliotograpliy.  The  pai)tT  is  out  to  suit  tlie 
drawing,  whidi  for  this  process  must  be  on  tracing  cloth,  and  is  tlion 
sensitized  l)y  floating  it,  as  l)efore  described,  on  a  batli  coin})osed  (»!" 

Per-chh»ride  of  iron,         .  .  .  .10  parts. 

Water,  .  .  .  .  •  100      " 

Citric  or  tartaric  acid,       .  .  .  .       5      " 

Tlie  sensitizing  must  be  performed  in  a  dark  room  and  the  solution 
always  excluded  from  the  light.  The  paper  is  allowed  to  remain  on 
the  bath  for  thirty  seconds,  when  it  is  carefully  removed  and  hung  in 
a  warm  |)lace  to  dry.  It  can  then  be  used  immediately  or  ])reserve<l 
unchanged  in  a  dark  place.  The  tracing  to  be  copied  is  placed  in  a 
printing  frame  together  with  a  sensitive  sheet  of  paper,  and  is  then 
taken  into  the  light.  In  sunlight,  from  fifteen  to  forty  seconds  will 
be  sufficient  to  reduce  all  the  iron  to  the  state  of  proto-chloride, 
exce])t  such  parts  as  are  protected  by  the  black  lines  which  will  still 
remain  in  the  ferric  state.  If  the  day  be  cloudy,  from  fifteen  to  twenty 
minutes  will  be  necessary  to  complete  the  reduction.  Tlie  time  of  ex- 
posure can  be  determined  by  a  few  experiments,  as  it  will  vary  c(jn- 
siderably  with  the  time  of  the  year,  the  light  being  twice  a.s  strong  in 
summer  as  in  winter,  ^^'hen  the  exposure  is  complete,  the  frame  is 
brought  back  into  the  dark  room  and  opened,  when  a  i'aint  image  will 
l»e  observed  on  a  deep  orange-yellow  ground.  The  paj)er  is  now 
plunged  int<»  a  batii  containing 

Yellow  ])russiate  of  potash  (  K^FeCvg),     .  .     24  parts. 

Water,  .  .  .  '  .  .  100      " 

A\  hen  a  blue  image  will  a])j)ear  on  a  white  or  blueish  ground,  if  the 
develojiment  is  sufficiently  jn-olonged.  The  parts  jn'otected  by  the 
black  lines  being  still  in  the  ferric  state  will  be  precipitated  by  the 
lerro(  yanide  as  prus.sian  blue  [Fe4(FeCy6)3]  while  the  uni)rotected  part.s, 
l)eing  reduced  to  the  ferrous  state,  will  form  a  i<7i?7c  precipitate  which 
absorbs  oxygen  from  the  air  and  speedily  turns  blue  if  not  removeil. 
If  the  exposure  has  been  too  short,  all  the  jier-chloride  will  not  be 
reduced  and  blue  spots  will  appear  on  the  ground,  but  if  too  long,  the 
image  itself  will  be  somewhat  faint,  owing  to  a  ])artial  reduction  under 
the  lines,  and  will  reijuire  an  exceedingly  long  develo])ment.  When 
the  image  is  sufficiently  developed,  the  print  is  removed  and  washed  in 
an  abundance  of  clean  water,  to  remove  the  white  j)recipitate,  aft<'r 
which  it  is  pnt  for  a  few  minutes  in  a  bath  of 
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Hvclroehloric  acid,  .  .  .  .1  part. 

AVater,  .  .  .  .  .  1"     - 

Mhic-li  will  deepen  the  blue  pictiu"e  and  whiten  the  backgronnd.  After 
washing  for  some  time,  the  print  can  be  dried  and  are  then  finished.  This 
process  is  hardly  applicable  on  a  large  scale,  as  it  requires  such  care  and 
nicetA-  of  execution  to  attain  desirable  results,  that  it  could  not  be 
truste<l  to  any  but  experienced  hands.  If  the  paper,  after  exposure, 
had  been  put  in  a  bath  of 

Red  priLssiate  of  potash  (KgFegCyig),        •  .     25  parts. 

AVater,  .....  100      " 

a  revf rsed  picture  would  have  l^een  obtained,  having  white  lines  on  a 
blue  gromid,  owing  to  the  fact  that  the  improtected  parts  being  reduced 
to  the  ferrous  state,  would  be  precipitated  by  the  ferricyanide  as  Turn- 
buUV  blue  (FeaFeaCvio),  while  the  protected  lines  would  remain 
unchanged,  so  that  when  washed  in  water  the  per-chloride  would  be  dis- 
solved, giving  white  lines  on  a  blue  ground  which  would  be  further  inten- 
sified by  the  acid  bath.  The  name  of  cynots-pe  was  given  to  the  latter  pro- 
<'e.>is  ])y  its  discoverer,  Sir  John  Her.schel.  He  also  developed,  ou  u 
dilute  neutral  solution  of  gold,  tri-chloride  getting  a  purple  picture  to 
which  he  gave  the  name  of  chrvsotype.  Any  other  per-salt  of  iron 
could  be  iL-^ed  as  a  sensitizer  and  developed  on  the  ferrocyanide  batli 
A\  ith  the  same  result. 

Blue  Process. 

The  process  which  is  most  used  in  America,  and  M'hich  has  been 
largely  adopted  by  oiu*  manufactiu-ers,  is  knoMii  as  the  blue  process. 
The  dra^^'ings  are  reproduced  in  white  lines  on  a  blue  ground,  and  I 
understand  the  paper  is  sold  in  the  market  already  sensitizerl, 
although  it  can  be  prepared  cheaper  and  just  as  well  as  the  Ijought 
article.  Almost  any  heavy  well-glazed  printing  paper  will  an.swer  the 
purpose,  but,  as  this  is  the  only  expense,  a  gocKl  quality  should  l>e  u.sed. 
The  sensitizing  bath  coiLsists  of 

<i.      Citrate  of  iron  and  ammonia,  .  .  .1  pait. 

Clear  water,       .  ,  .  .  .  4     " 

b.       Red  prussiate  of  potash,      .  .  .  .     1     '' 

AVater,  .  .  .  .  .  6     " 

The  two  solutions  are  di.ssolvtKl  separately,  and  preferably  at  the 
ordinaiy  temperature ;  when  in  complete  solution  they  are  mixed,  and 
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k<|>t  in  ;i  ycllnw  Ixittic,  <>r  (•ai'ct'ulK'  cxchKlcd  tVoiu  tht'  liulit,  \vlii<-h 
Avoiild  cause  a  l)lut'  |>r('fi|)itaTc.  It"  the  pajtcr  is  nut  suHiricntlv  siz»'.l, 
jl^uni  or  u;<'l:itin('  sli<»ul<l  Ix-  added  to  iiivc  it  IxxK  and  prevent  the  lii|nid 
from  soakin<»-  tliroui^'li.  The  s<'nsiti/in<i-  is  |»ertoinied  as  toHows,  in  n<»n- 
aetiiiic  lijjht :  The  sheet  of  papei",  cut  to  the  re(|nired  size,  is  jtinniil 
to  a  elean  hoard;  some  of  the  sohitioii  is  pituri^l  inti»  a  vessel,  and 
the  paper  j)ainted  witli  it  l)y  means  ot"  a  soft  earners  hair  hrusli  three 
inches  wide.  The  hrusli  is  di|)pe<l  into  the  sohition  and  the  pa|K'r 
coinph'tely  moisteiieil  in  one  direction  ;  then,  without  renioviuij,-  the 
li<|uid,  it  is  smo(»thed  until  no  streaks  or  lines  a|)pear.  Some  ])refer  to 
use  a  sponjic,  hut  this  cimses  uneven  spttts,  and  mai-s  the  heauty  of  th<' 
picture.  In  tliis  wav  a  very  little  solution  will  cover  i|uite  a  laru'c  sur- 
face. IJefore  ))Uttiu«i-  the  l)rush  away  it  must  he  carefully  clean. iL 
The  paj>er  is  impinned,  hunu'  uj>on  a  line,  and  when  drv  will  k(N'p  a 
lonj^  time  in  the  dark.  It  :-hould  l)e  a  hrass-veilow  color  when  riojitly 
prepared.  To  mak*-  a  copy,  the  drawinji;,  on  traein<>;  cloth,  is  j)ut  int<> 
the  printiuii  frame,  as  usual,  w  ith  a  sensitive  sheet,  and  e.\|)(»sed  to  >un 
lijrht  for  six  to  ten  minutes,  or  to  diffused  litrht  for  one  to  tw(t  hoiu*-«. 
The  double  salt  is  reduced  to  the  ferrous  state  where  the  liuht  sti-ike-^  it 
and  immediatelv  cond)ines  with  the  re<l  prnssiate  present,  to  form 
TurnhulTs  hlue,  while  the  protected  parts  remain  unchanued.  The 
e\|)osure  >hould  l)c  continued,  until,  on  i>|)ciiinii  tiic  tVame,  the  whit<' 
line.s  have  almost  disappeared  and  the  l>ack  <iround  is  «:rayish-^re<-n. 
The  sheet  mav  also  he  exposed  on  a  hoard  padded  with  flannel,  ovi-r 
w  hich  is  |»lace<l  a  sheet  of  plate  li'lass,  l)Ut  this  i-c»piircs  to  l>e  always 
liori/ontal,  and  nee<ls  more  apparatus  than  it  W(»uld  cost  to  i^et  a  re<;ular 
frame.  NN'hen  ex))osure  is  finishe<l  the  print  is  remove<I,  and  put  im- 
me<liatelv  into  a  tank  of  runninii-  water,  when  the  liiu-s  will  heeome- 
whitc  (uiile.ss  over-ex|»osed  or  not  in  c»»ntaet),  while  the  t>Tound  heeoiues. 
<lark  blue.  .Vfter  sufficient  washinti-,  the  around  can  he  impro\-ed  l>v 
tr.msferrin^  to  a  hath  of 

llvdrochloric  acid,  .  .  .  .        •')  parts. 

Water,  .  .  .  .  .  lOO     " 

when  it  must  he  auain  thorouirhly  washc<l,  and  then  dried.  The  color 
alwavs  darkens  on  dryin<>-,  and  prints  that  would  otherwise  he  und'"- 
oxpos*^!  have  very  beautiful  li»i:ht  blue  p'ound. 

This   pHK-ess   has  become  the  favorite  «»ne,  ow  inu  t<»  its  <;reat  simpii- 
citv,  and  the  ea.se  with  which  any  one  can  work  it  ;  the  objections  to  it 
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5irr :  the  k'ii«itli  of*  exposure,  especially  on  eloiulv  days,  and  the  inij)os- 
siltilitv  of  co]>vin(r  dvawinu's  from  anythinti'  but  traeino-  eloth  or  ])aj)er. 
In  very  lar^rc  sheets  the  fine  lines  are  aj)t  to  be  reduced,  thus  making- 
the  j)icture  somewhat  uncertain  in  ])arts.  If.  instead  of  mixing  the 
solutions,  the  pa])er  had  been  sensitized  with  the  citrate  batli  and  then 
fx[)(>sed,  the  reduction  Avonld  have  been  very  rapid  (fiftocn  or  tliiity 
seconds),  as  this  is  the  most  sensitive  salt  of  iron.  The  picture  couM 
then  be  develoj)ed  in  the  ferrieyanide  bath,  and  finished  as  de.seribed  ; 
but  in  tliis  ease  it  is  better  to  sacrifice  sensitiveness  to  eonvenienee. 
The  other  double  salts  could  be  ns(^l  to  replace  the  citrate,  but  they 
rei  (lire  a  loiiijer  exposure. 

The  salts  (»f  uranium  are  affected  similarly  to  those  of  iron,  but  they 
offer  no  advantages  over  the  iron  salts,  and  are  besides  very  expensive. 
Those  who  desire  to  try  them  may  use  the  following  formulas. 

A  goml  quality  of  paper  must  i)e  taken  and  sensitized  by  floating  for 
six  or  eight  minutes  on  a  solution  of 

Uranie  iiitrate,         .  .  .  .  .1  part. 

Dist.  water,        .....  OO     " 

When  dry  the  paper  is  exposed  under  a  drawing  for  ten  or  fifteen 
minutes,  and  is  then  removed  and  developed  by  floating  on 

Ferrieyanide  of  ])otassium,  .  .  .1  j)art. 

Water,  .  .  .  .  .250     " 

,         Niti'ic  acid,  .  .  .  .  .2  dro}>s. 

Tri  about  five  minutes  a  brown  j)icture  will  apj)ear,  which  is  fixed  by 
washing  in  slightly  acidulated  water. 

To  produce  a  gray  picture  the  print  is  floated  on  a  bath  of 

Silver  nitrate.         .  .  .  .  .1  part. 

Water,  .  .  .  .  .  20     " 

.Vcetie  acid,  .  .  .  .  .a  trace. 

The  development  is  very  rapid  in  this  solution,  being  comj)lete  in 
thirty  seconds,  aftei"  which  it  must  be  taken  out  and  thoroughly  washed 
in  clean  water.  Ived,  green  or  violet  pictures  mav  also  be  j)roduecd, 
by  (ieveloj)ing  on  ferroeyanide  of  potassium,  perchloride  of  iron,  or 
chk>ri<le  of  irold. 
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The  fourtli  and  la.st  salts  are  those  of  chromium,  only  two  of  whii'li 
arc  cuiuinonly  used,  namely,  the  bi-chromatcs  of  potassium  and  ani- 
mniiium.  These  form  the  basis  for  a  number  of  valual)le  proeesses, 
one  <»f  which  is  at  ])resent  attracting;  nuich  attenti(»n  in  (jrcrmany,. 
where  it  has  been  carried  to  a  hi*i:;h  state  of  perfection  in  the  repro<luc- 
tiiin  of  drawimrs  and  fine  eni2:ravini>:s.      It  is  called  the 

Ami, INK  Pkckess. 
This  was  invented  by  Mr.  Willis  in  18(i4.  It  depends  on  the  fact 
that  when  potas-siuin  bi-<'hromate,  in  the  presence  of  organic  matter,  is^ 
ex|M>se(l  to  the  action  of  lijrht,  free  chrttmic  acid  is  formed  and  the  j>ro- 
te<-ted  parts,  which  still  remain  as  bichromate,  form  aniline  cnl(»rs 
^vhen  exposed  to  tlu;  vapt)rs  of  aniline  salts.  The  process,  in  detail,. 
consists  of  the  followintr  o|)erations: 

(1)  Sen.sitizing  the  })aper. 

(2)  Ex})osiuji;. 

(3)  Finnino-. 

(4)  Washinjr. 

(1)  >Senf<iflziii(/. 

The  i)est  Saxe  paper  must  be  used,  as  no  other  will  uive  satisfactory 
results.     The  sensitizing  solution  consists  of 

Potassiinn  bi-chromate,        .  .  .  .1  part. 

Phosphoric  acid,  sp.  gr.  1-124,  .  8  to  10     " 

Distilled  water K)  "  12     " 

The  i)aper,  after  l)eing  cut  and  the  finest  side  selected  for  use,  is  pimied 
to  a  clean,  Hat  board.  Some  of  the  solution  is  poured  into  a  dish  and 
the  paper  is  sensitized  by  means  of  a  stiff  brush,  about  one  inch  wide,, 
which  is  dii)j)ed  into  the  li([ui(l  and  then  jiainted  on  the  pa|)er,  first 
lengthwise  and  afterwards  across,  without  renewing  the  li(piid  on  the 
brush.  Finally,  a  soft  camel's-hair  brush,  abimt  three  inches  wide,  is 
u-cd  to  remove  all  su|)erfluous  licpiid,  and  smooth  out  any  .streaks  left 
by  the  first  brushing.  The  solution  may  also  be  applie<l  with  :i  soft 
sponge,  but  the  first  method  is  preferable  as  the  fingers  arc  not  then 
iirought  into  contact  with  the  bi-chroiuate  which  is  ;i  \iolcnt  p(»i.-oii.. 
The  sheet  is  now  hung  np  and  allowed  to  dry  slowly,  it  being  complete 
in  from  fifh-en  to  tweiUy  minutes.  The  (»peration  should  be  performed 
in  a  dark  room  lighted  with  a  lamp  having  a  yi'llow  chimney.     ()r(li- 
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narv  vellow  lio-ht  i.s  not  suffirientlv  non-actinic,  owino-  to  tlie  extreme 
sensitiveness  of  the  paper,  which  is  easily  aiiected  by  the  least  light. 
When  dry,  it  may  be  preserved  for  some  time  nnaltered  in  the  dark. 
The  brnshes  should  be  thoroughly  washed  each  time  they  arc  used, 
and  carefully  protected  from  dirt. 

(2)  Exposing. 
The  prepared  paper  is  now  placed  in  the  printing  frame,  under  the 
tracing,  covered  with  a  black  cloth  and  carried  into  the  sunlight.  The 
length  of  exposure  will  ^-ary  with  the  time  of  the  year;  in  summer, 
being  about  twenty  seconds,  and  in  wiuter,  forty  seconds.  The  surest 
method  is  to  use  Vogel's  j)hbtometer  and  carry  the  exposure  to  sixteen 
degrees,  but  as  this  cannot  always  be  obtained,  experiments  may  be 
made  to  determine  it.  This  is  the  most  important  part  of  the  whole 
process,  because  undue  exposure  will  not  reduce  the  bi-chromate  suf- 
ficiently, and  over  exposure  renders  the  paperless  liable  to  form  aniline 
colors.  When  the  paper  is  rightly  prepared,  it  should  be  a  light  yel- 
low color  and  after  exposure,  on  opening  the  frame,  a  faint  yellow 
picture  will  be  observed  on  a  greenish  ground. 

(3)  FiitaiiKj. 

When  the  exposure  is  judged  sufficient,  the  cloth  is  replaced  and  the 
framp  carried  back  into  the  dark-room,  where  it  is  opened,  the  picture 
removed,  and  pinned  to  the  lid  of  a  fuming  box.  The  box  is  ])rovided 
with  a  .><heet  of  glass,  on  Avhich  is  l)lotting  pa2)er  soaked  with  a  solutiou  of 

Aniline  oil,  .  .  .  .  .1  part. 

Benzine,  .  .  .  .  .  10     " 

and  which  can  be  lowered  or  raised  at  pleasure  by  means  of  cross  pieces 
of  wood  at  different  heights.  It  is  allowed  to  remaiu  thirty  minutes, 
when  the  ]ncture,  if  rightly  exposed,  will  be  .•sufficiently  developed  and 
will  i^how  a  dark  brown  or  ])urple  picture  on  a  gray  ground.  If  the 
imao;e  is  rather  faint,  it  should  ho  fumed  lontrer. 

(4)    M'((shi)if/. 

On  taking  out  the  print,  it  nui.st  be  Avashed  for  .<ome  time  in  at  least 
four  changes  of  Avater,  when  the  colors  M'ill  be  fast,  and,  after  drying, 
the  picture  is  finished.  Great  care  must  be  taken  not  to  handle  the 
sensitive  pa})er  any  more  than   is  absolutely  necessary,  and   then   onlv 
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with  |K'rt'rctly  cU'iiii  1i;iimI>  ;  ;ilsu  to  pcrtonii  all  the  »ii)cratiuiis  in  al)s<)- 
liitcly  iioM-actinic  liti'lit. 

Ill  review,  we  eoiiclude  that,  in  point  of"  cheapness,  the  hhie  process 
}i:l-  the  preference;  l)Ut,  for  certainty  of  resnlts  and  general  reliahihty, 
under  all  conditions,  the  silver  process  is  the  hest.  I  should,  there- 
fori',  reconiniend  it  in  all  cases  where  first  cost  will  not  he  a  consideration 
coin))ared  to  convenience  and  savin^j  (»f  time. 

./a//.  2,  ISTi). 

ADDKNDA  TO  A  1*APEK*— "COAL  (iAS  K^(ilNEERING." 


The  followino-  summary  of  the  relations  of  constituents  of  coal  g:i3 
iiiav  prove  useful  for  reference  in  many  instances: 

Tdhlc  of  fferreiittu/e.^,  hi/  ireif/fif,  of  the  (  'oD.^fifuriih  of  Coat  Gaa. 

II,  (,  ().  N. 

llydrogfii.     ('arl)on.         Oxygen.    Nitrogen. 

II  lly.lrofien,            =  7-8171     =  7-8171 

Cll^  .Marsli  fi-as.            =  47-L'S(51     =ll-H21o     ^Ji'v-Ki-Ki 

CJI,  Olertant  pas,         =  l.S-4407     =3-0784     =ir)-8«78 

CO  Carl .enic  oxide,  ==  18-()8;n                           =  o'84:iK     =  7-7W8 

<•<),,  Carl.(.Mieaei«l,     =  7-lt)J(i                          =  l'9o88     =5-2087 

4X_(_()Air,                        =r.-.  4-»>!»!»o  =1-0448    =3-6.'V>3 

H.O  Vapor  of  \\at«T.  =.  l-4(il.')     ==  (»-l(5:.'4                          =  l-2fWl 


Coal  <ias.  =10(1.  =22-8744     =.>S-«2H0    =1.5-8424     =8-6.V)2 

'I'dhh-  of  ircH/hf  of  (  'oiisfitiii}if,-<  of  lOd  ciihic  fief  of  (.'otil  (nix  in 
Itouiifls  (1)1(1  (Icciiniils. 

II,  C.  <-),•  N, 

Ilydidgcn.     ("arhun.         Oxygen.    Nitrogen. 

M  ny(ln)<,'en.            =0-2.!;U0     =0-2.8840 

Cii,  .Marsli  jras,            =l-.")088o     =0-877(«»     =l-l;U2() 

^'\\i  Oleliant  ;ras,        =0-.")Ss28     =(»m(,s4o;!     -=.0-.')(i420 

<<»  Carlionie  oxide,  =0-4s4.ss                          :^n-lSti.8S     =!»-248.")0 

CO  Carl)oiiic  acid.     =0-22s4<)                          =0-O(i281     =(V1((()1") 

4N  +  0  .Air,                         r=0-14!l!).-(                                               =0-(»8882     =0-ll»iH8 

HjO  \'M|ior  of  water.  =n-n4(>ti2     =('-(Ml.")ls                          =0-04144 


Coal  ;ra>,  =8-l«n8«>     :^()-(5n!)70     =^1-SS41.)     =(»-4S!l41      ^rO-lHK>;5 

The  tahle  at  the  end  (»f  article  on  ( 'oal  ( ias  10n«rineerin^-,  in  tiie 
.Inne  nunil)er  of  the  .T(H"l!.\.\  L  <if  la.'^t  \ear,  should  l)e  corrected  to 
o]>viate  the  errors  in  .<ettin>i-  up: 

*  Joi-RX.vi,  OK  THE  Fbanklik  Institi:tk  for  April,  1878,  by  Robt.  Hrigg-s  V.  K. 
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Tabic  of  Rclafirc    Vdhw  of  iStant la /'(!■'<  used  in  Pliofomefrie 

Meaxiiremeid. 

Riitio.s  of  weight 

Total  of  material 
wt'iiilit.      cousuiiu'd  to  give 

Oac  standard  ji.is  hui'iier,  per  liour.                          lbs.  ('(|Ual  liiilit. 

.   ,,   .      I  •")  eu.  ft.  coal  iia.^,  of  Knglish  <ruality  •      n-i-.d-  i-imn 

oquals    ^  _^^.^^,^.  ^j^^.^._  .,.i.;,.._„-(m!.  lbs.  at  7(1°  ,      "  l"""  ^  """ 

,      (1-5  standard  candles,  each  burniuif )      n..>,-i  i-.-m 

t-MUals  I  j^„  ^,^^jj^^  si.crnieeeti  =  o-092.5<t  lbs.  |      "  -•"  ^  ^  '>-^ 

—  =  1  •.■)()2o  earcel  lann)s,  each  bum-  i 

<^<iuals      U'ti                                                                 I      0-1447  n-!»(i^ 
ing  4l'  .s:ranis=(l-0!»2.")!i  lbs.  colza  oil  i 


A  XEW  C'ALOUIMKTEK. 


Bv    AV.    L.    Hooi'Ki!,    A.  M. 


Tliere  seem  to  me  ssevcral  (»l)jecti(mabl('  points  in  tlie  construction  of 
the  ordinary  calorimeter  :  First,  alth(»uu:li  tlic  surfaces  of  the  instru- 
ment are  verv  jxtor  nidiators,  tlie  material  of  the  walls  is  (generally  au 
t'xeellenr  conductor;  .secondly,  the  air-s[)ace  ix'tween  the  walls  is 
entirely  ojm'U  so  that  nuich  heat  must  he  carried  off  by  cctnvection  cur- 
rent'^ in  the  air.  [  have  accordintrlv  constructed  an  instriuueut  in 
Avhich  l)oth  iMi|>erfections  .seem  to  he  remedied.  It  consists  of  two 
ordinary  i>la.<s  beakers,  one  of  which  is  j)laced  inside  of  the  other, 
supported  by  a  rim  of  briii'ht  tin.  T^|)on  the  outside  of  the  inner 
beaker,  and  upon  the  inside  of  the  outer,  about  four-fifths  of  the  heijjht 
from  the  bottom,  a  film  of  metallic  silver  is  deposited  by  the  ordinary 
]»r<K-e.'<s  (»f  silvering  <rla.ss  specula.  It  was  hoped  that  this  ccmfined 
air-'-pace,  enelo.sed  on  ccerif  side  bv  the  verv  wor.^t  of  radiators  and 
absorbers,  themselves  non-conductoi"s,  would  furnish  an  excellent  barrier 
airaiust  the  escaju'  of  heat  from  the  li(piid  in  the  instrument.  I  low  far 
thi-  hope  was  reali/e(l  mav  be  .seen  from  the  table  below,  in  which  the 
ordinarv  metallic  calorimeter  and  m\'  instrument  ai'c  compared.  The 
tw<i  instruments  were  |)la<'cd  side  by  side  in  a  room  free  from  drauo-hts, 
luid  into  ea<'h  was  poured  ."iOd  vr.  of  Ixdlinu'  water.  The  readings  of  a 
tilt  rmomcter  placed  in  each  were  then  taUen,  the  thermometer  in  my 
in-trnment  beinu'  I'cad  just  ten  seconds  before  tlie  othei"  : 
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Ni-w  (•; 

iloriiuotor. 

TiiiK'. 

111.   sec. 

Tomi). 

2     50 

93-4 

5"    50 

S8-7 

7     50 

SH 

\)     50 

S3-5 

11      50 

SM 

13     50 

7ti 

15     50 

77 

1 7     50 

75-1 

111     50 

73-1 

24     50 

09-2 

34     50 

G4 

54     50 

55-3 

<>     50 

50-2 

Old  C'j 

iiloriiiu'ti-r. 

'rinic. 

11.     HI. 

Temp. 

3     3 

93 

3     () 

85 

3,      S 

81-3 

3,    10 

78 

3   12 

75 

3   14 

72-5 

3  l(j 

70 

3  18 

68 

3  20 

^Q 

3  25 

61-8 

3  35 

55-4 

3  55 

4()-7 

4   10 

43 

4 

It  ctimiot  1)0  neeoHsaiy  to  study  the  table  verv  closely  to  observe  the 
superiority  (jf  uiy  iu^strunieut  a."^  a  uou-radiator.  Duriu^  the  first 
tliree  luiuutes,  the  water  iu  tlie  luetallic  calorimeter  fell  eigiit  dciiree.*} 
iu  teuiperature  ;  in  tiie  sauie  time,  the  tem])erature  in  my  calorimeter 
fell  less  than  five  degrees.  Glancing  down  the  columns,  we  find  that 
while  my  instrument  was  jtarting  Avith  thirty  degrees  of"  heat,  the  tcm- 
jxraturc  in  the  other  had  fallen  nearly  forty  degrees. 

While  the  new  instrument  has  the  di.sadvantage  of  being  ea.siiy 
broken,  it  has  the  compensjiti ng  advantage  of  being  very  easily  made, 
whenever  access  may  be  had  to  a  chemical  or  physical   laboratory. 

Jiloomjield  ^School,  Harvard,  Ma^ts.,  Dee.  24, 1878. 


Large  Frost-Crystals. — At  the  meteorological  observatory  on  the- 
s\uiimit  of"  the  Piiv-dc-l  )omc,  great  difficulties  are  ofted  ex])erienced 
from  the  heavy  dejxtsits  of  hoar-frost.  The  telegra))h  wires  often 
rc<Mive  a  coating  of  more  than  20  cm.  (7*87  inches)  in  thickness;  the 
lightning  rods  have  a  nnich  thicker  covering,  and  on  the  windward 
side  <if  the  ixiilding  ice-crystals  sometimes  form  85  cm.  (33*47  inches) 
in  length  with  their  points  toward  the  wind,  Vai'ious  plans  have  l>een 
tried  to  get  I'id  of  the  inctinvenicnec,  but  withont  sncccss. —  Ln  .\nfiir<\ 

V. 
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Chemical  Constitution  of  Wool. — P.  Soliutzenlxviicr  has  |)ul>- 
lislied  aualv.ses  of  various  samples  of  wool,  from  whicli  ho  deduce.^  tiie 
chemical  formula  CggoHg^iN-oO-^Sg. —  ('om^jtcs  Bendus.  C 

Temperature  of  the  Sun. — F.  Rosetti  has  publii^hed  the  results 
of  an  extensive  series  of  investig-ations,  from  which  he  estimates  the 
temperature  of  the  sun  at  between  12,000°  and  20,000°  (21,():32  and 
36,032°F.).— //  Xuovo  Cim.  C. 

Metallic  Packings. — J.  Strieder,  of  Elberfeld,  uses  tubes  of  lead 
or  some  soft  metallic  alloy,  filled  with  hemp,  cotton  or  some  other  suit- 
able vegetable  material.  These  tubes  can  be  pre2)ared  of  great  length 
and  cut  to  fit  any  given  requirement.  The  ends  may  be  either  soldered 
tc>gether  or  forced  into  close  contact.  The  convenience,  durability  and 
cheapness  of  this  ]iacking  are  especial  recommendations. — I)inrjl(i\y 
Pol.  Jour.  C. 

Pyrometers. — F.  Fischer  publi  lies  the  results  of  some  eom])ar- 
isoiLS  of  his  small  calorimeter  with  Steinle  and  Hartung's  graphite- 
pyrometer,  Siemens'  electric  pyrometer  and  Geissler's  normal  quick- 
silver thermometer.  The  instruments  all  agreed  satisfactorily  for  tem- 
peratures below  450°  (842°F.),  Above  that  point  Siemens  ami  Fischer 
agreed,  but  the  graphite  indications  were  higher.  ^^'hen  Siemens' 
marked  623°  (1153°F.)  the  graphite  gave  TofjO  (1391°F.).  The 
graphite,  however,  Ava.s  more  sensitive  than  the  electric  ]>yrometer. — 
T)inglei'\s  Journal.  (\ 

Excavations  and  Foundations  in  Sand. — ^I.  Plocq  has  pub- 

lisheil  an  interesting  note  upon  the  recent  harbor  imprcjvements  at 
Dunkerque  and  Gravelines.  There  are  ten  sluices  for  controlling  the 
fresh  and  salt  waters  of  the  districts,  for  various  purposes  of  maritime 
and  domestic  economy,  as  well  as  for  the  wants  of  the  military  service 
and  for  defensive  operations  in  time  of  war.  The  sluices  are  built  in 
a  soil  which  is  wholly  made  up  of  a  pure  sand,  of  flour-like  fineness,, 
reaching  to  a  depth  of  15  or  20  metres  (16*4  to  21'9  yds.)  IjcIoav  the 
lowest  tidal  levels.  The  works  were  all  executed  by  the  helj)  of  cofl^'er 
dams,  in  preference  to  dredging,  and  the  preparatinns  were  so  thorough 
that  it  was  always  ea.sy  to  work  in  dry  sand  even  at  the  lowest  foun- 
dation levels.  The  total  cost  was  less  than  half  what  it  would  have 
been  by  the  old  method  of  dredging,  and  the  saving  of  time  \va>  in 
about  the  same  ratio. — ^l/(/(,  des  Pouts  d  ('Iiauss;  C. 
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New  Electric  Phenomenon.— A Ix.ut  ten  years  :i,u<.,  (iovi  toiiii«l 

tli;it  the  interior  Vdlume  of"  ;i  Levdeii  jar  seemed  to  expaJid  dviring'  a 
<  liariTc,  and  he  attrihnted  the  ])henoiu('ii()n  to  a  <'(»iitra<'tion  of  the  li(}uid 
M  hich  it  contained.  Duter  has  now  shown  that  the  etleet  is  due  to  a 
J<ni[)orarv  expansion  of"  the  dieh'ctrie  enveloju". —  ( 'onijifi's  licndiis.     C. 

New  Mode  of  Cementing  Metal  to  Glass. — Mix  two  parts  of 

finely  |»o\\«hTed  litliar<j:e  and  (»ne  part  of  fine  wliite  lead  ;  mix  three 
parts  of  hoiU'd  linseed  oil  with  one  ])art  of  eo|)al  varnisli ;  stir  the 
jMiwder  into  the  li(pii(l  until  it  has  the  consistency  of  a  stiff  don<>:h. 
Spri'ad  the  cement  on  tiie  metal,  j)ress  it  a<i;ainst  the  «rl:i'^>^,  !"»<!  •"^'■i"ii)e 
<itt'  the  surplus.  It  dries  rpiickly  and  is  remarkably  tenacious. — 
Furhc/ir.  dtr  Zrlf.  V. 

Spartan  Soups. — Most  persons  have  heard  of  the  h/<ir/:  hrofli, 
in  which  the  Lacedemonians  di|»j)ed  their  hread,  and  which  they  pre- 
f"erred  t(»  the  most  savory  dishes.  Menrsius  thinks  that  it  was  the  water 
"in  which  |)ork  had  been  boiled,  witli  the  addition  <»f  vine<i:ar  and  salt, 
the  only  seasoninjrs  which  they  employed.  Hicard  thinks  it  was  a  souj), 
:iiul  wiys  that  they  made  another  kind  with  <'els,  which  thev  calle<l 
v'}iitc  s(t\ip. —  Ld   Suture.  i\ 

Greenland  Native  Iron. — l*i<>f.  -i.  Lawrence  Smith  has  pre- 
sented a  memoir  to  the  Freneh  Academy  upon  the  remarkable  de|«Ksit8 
■of  native  iron  in  the  basaltic  beds  of  (Jreenland.  After  lon*i-  study, 
he  c(»ncludes  that  the  iron  is  of  terrestrial  ori^rin  ;  that  it  is  often 
■so  closely  joined  to  the  basalt  that  feldspathic  and  other  crystals  pen- 
■i'tnite  the  iron,  and  that  the  iron  is  |)rol)ably  a  secondary  |)r(Kluct 
formed  bv  the  decom))osinti-  action  of  li<rnite  beds  and  other  or<>anic. 
matters,  which  have  been  ])ierced  bv  the  immens<'  basaltic  dykes. — 
i  \niij>t(  s  h'ciidiis.  ( '. 

Giflfard's  Success. — (riffard  made  1  ()(>(►  ca|)tive  ascensions,  on  72 
<Iays,  takini;-  '.\,')iH)  ])asseji<rers,  without  the  least  accident,  receivinjij 
■S-'U*,;').").")  fi-ancs,  distributinj;  35,00f)  coiiunemorative  medals  at  a  cost 
«'f"  44,(>(M)  francs,  burnin<»:  1  oO,0()()  kilourammes  (147*0.')  lon<i-  tons) 
of"  coal  under  the  boilers.  He  has  solved  s(»me  problems  of  jrreat 
importance:  the  |)reservation  of  hvdrojjen  f(»r  a  lonu  |)eriod  in  an 
in|H'rmeal)le  tissue,  the  ))reparation  of  that  fjas  on  an  enoi"m(»us  scale, 
ihe  new  constructi«»n  of  all  the  j)art.s  of  a  balloon  on  a  plan  which 
|»repares  the  way  for  buildintc  true  aerial  ships. —  (/.  Tixsundici-,     (J. 
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Earth  Ventilation. — Fischer  aiid  Sticlil  projjost'  t<»  draw  ail-  t'or 
veiitilatioii  tliroiiuh  a  sysUjiu  of  tubes  Ijuricd  ahout  •">  nictirs  (9"84  ft.) 
in  the  ground.  By  this  nieiius  the  air  would  he  warni<<l  .S  or  [)  dogreo.-v 
(U-4°  or  16-2°F.)  in  winter  and  cooled  12  or  1:J°  (2().()^  or  2:}-4°F.) 
in  summer. —  Tfiiu/fcr's   Jounifi/.  C. 

Nitrous  Oxide  Under  Pressure. — F.  Bert  finds  that  by  j)]acini;- 
a  patient  in  an  api^aratus  where  the  pressure  can  l)e  increased  to  twi> 
atnx^spheres,  nitrous  oxide  can  be  administered  so  a.s  to  j)roduce  con- 
tinued anjB.sthe.sis,  wJiile  the  blocxl  receives  its  normal  su})])ly  of  oxygen 
and  the  normal  conditions  of  respiration  .iux*  maintained.  From  var- 
ioiLS  experiments  on  animals,  he  thinks  that  gas  administered  in  this 
way  will  be  harmless,  however  much  the  insensil)ilitv  rn-Av  be  pro- 
longwl, — (Jomptcx  Renrhi.s.  ( '. 

Trial  of  a  Corliss  Engine. — A  commission  for  experimenting;' 
with  an  Alsjitian-built  Corliss  engine,  has  made  a  report  in  wliicli  it 
concludes:  (1)  That  in  order  to  .secure  the  best  results,  the  engim- 
should  be  worked  to  its  maximum  capacity.  (2)  The  economv  of  the 
steam-jacket  increases  as  the  load  diminishes.  (3)  The  clearing  of  tlu- 
jacket  shouhl  be  thorough,  but  without  wasting  steam.  (4)  The  warm- 
ing of  the  piston  is  sometimes  economical,  but  the  saving,  in  ordinary 
ca-ses,  is  not  sufficient  to  pay  for  the  neee.s.sary  complication  of  macliinei'N-. 
—Bull  de  la  Sac.  Ind.  C. 

Saint-Gothard  Tunnel. — The  small  bronze  turbines,  which  make 
loo  million  turns  jjer  aimum,  after  four  or  tive  years'  .service,  require 
but  slight  repairs.  Turbines  of  iron  and  steel,  under  the  same  pressiuv,. 
<lo  not  last  over  a  year.  The  16  air-compressors  supply  air  enough, 
nnder  a  pre.ssure  of  8  atmospheres,  to  supply  IS  to  20  drills  and  to 
ventilate  thoroughly  all  the  tunnel,  of  which  a1)out  <S  miles  has  alrcad\- 
l)een  bored.  On  each  side  there  are,  night  and  day,  niaii\-  huiulic  <!> 
of  workmen,  as  many  lamps,  and  about  600  pounds  of  dvnamite  are 
usetl  daily.  The  financial  difficulties  of  the  company  are  connectwl 
with  other  portions  of  tlie  line.  The  works  of  the  tunnel  have  not 
])een  interrupted  a  single  day  for  six  yeiu-s,  and  the  original  estimates 
will  probably  not  be  exceeded,  although  many  unforeseen  obstacles 
liave  been  encountered.  The  tunnel  will  probably  be  finished  within 
eight  years  from  its  commencement.  The  stipulated  time  was  nine 
years. — Compter  Rmdus.  i\ 
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Vesuvian  Railways. — Concessions  have  been  grantid  to  two 
rival  (•(•mpanies  for  constructing  railways  to  the  summit  of  Vesuvius, 
and  it  is  c'X|)octe<l  tliat  both  routes  will  he  rapidly  pushed  to  t'oni])le- 
tion.  In  many  places  the  sleepers  will  be  supported  by  columns. — 
i<>-  JfoiKhs.  C 

Indication  of  Water  Level  in  Reservoirs. — M.  Decondon, 
EiiLniufr,  Taris,  has  eitiistrueted  a  very  ingenious  ap])aratus  for  indi- 
ititing,  at  any  distance,  the  level  of  water  in  a  reservoir.  He  places  a 
l>ell-sha|H'(l  casting,  mouth  downwards,  in  the  reservoir,  resting  on  the 
bottom  and  ])artially  filled  with  air.  At  the  to]>  a  tube  leads  to  any  con- 
venient place,  where  it  is  connected  with  a  manometer  which  iseonstructc<l 
similar  to  the  aneroid  barometer  and  which  is  so  .sensitive  that  it  indi- 
cates the  slightest  diiference  between  the  water  level  in  the  bell  and  in  the 
reserve »ir,  <»wing  to  the  pressure  of  the  enclosed  air,  which  will  support 
a  column  of  water  equal  to  this  difference.  As  the  aj>paratus  acts  inde- 
])endently  of  the  atmosj)heric  pressure,  there  will  be  a  slight  error, 
e«}ual  to  the  height  of  the  Mater  colunni  in  the  bell.  But  this  may  be 
greatlv  reduced  by  making  the  latter  very  large  and  flat. —  ]]^ocIh'ii- 
.schrift  Ocxt.  TiKj.  (did  Arr/i't  Vcrelns.  P. 

New  Plan  for  Filling  Gas  Meters. — The  chemical  laboratories 

..1'  .hicobsohii  and  lirunje,  at  lA'opuld's  JIall,  near  Stassfurt,  Germany, 
have  introduced  a  new  fluid  for  filling  wet  gas  meters,  composed 
mainlv  of  a  solution  of  chloride  of  magnesium.  The  meter  of  the 
K<>val  Polytechnic  In.^titute,  at  Hanover,  was  filled,  Dec.  8th,  1877, 
Avith  142  litres  of  the  same,  of  a  spec.  gr.  of  1*201 .  By  the  15th  the 
.iitents  had  increased  by  l-o  litres  and  the  spec.  gr.  was  1-190,  Ex- 
aminati<tn  at  different  dates  showed  that  : 

( )n  Dec.  21,  1  .S7 7,  the  spec.  gr.  was  .  MSI 

"    .Ian.  2(),  1878,    "         "  "         .  .      M82 

"    ^lar.  :\      "        "         "  "  .  M71» 

''    .lunel,      "       "         "  "        .  .1-178 

"    .Inly  15,     "       "         "  "  .  M74 

On  .Inly  15th,  1878,  the  meter  was  (H)ehed    and  the  solutitui  analyzed. 

No  tr.ice  of  a  foreign  material  (iron  or  tin)  was  found,  but  it  contained 

in  1(M>  cubic  centimeters  0-0214  grammes  of  XILjIannnonia)  abstracted 

from  the  pa.'ssing  gsis.      A  portion   of   the  solution   was  cooled  to   10° 

without  freezing.      During  the  whole  time  no   re|)lenishing  had   been 

ne<.'cs.s;uy. — Journal fiir  Gash^'leuchiung,  etc.  P. 
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Franklin    Institute. 


Hall  of  the  Institute,  Jan.  loth,  1879. 

The  stated  meeting  was  lield  at  .S'clock  P.  M.,  the  President,  Dr.  R. 
E.  Rogers,  in  the  cliair. 

There  were  present  174  members  and  63  visitors. 

The  minutes  of  the  la.<t  meeting  Mere  read  and  approved. 

Tlie  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  last  meeting  18  persons  were  elected  membei-s  of 
the  Institute,  and  reported  also  tlie  following  donations  to  the  Library. 

Annual  Report  of  the  Hartford  Steam  Boiler  Inspection  and 
Insurance  Company,  Dec.  31,  1877.     Hartford,  1878. 

"From  the  Company. 

Annual  Report  of  the  Secretary  of  the  Interior  for  year  ending  June 
•3(>,  1878.     AVashington,  1878.  From  the  Secretary. 

Annual  Report  of  the  Treasurer  of  the  United  States  to  Secretary 
of  Treasur}^  for  year  ending  June  30, 1878.         From  the  Secretary. 

Electric  Constitution  of  our  Solar  Svstem.  Bv  Jacob  Ennis. 
Philadelphia,  1878. 

Elements  of  Sidereal  Astronomv.     B\'  Jacob  Ennis.    Philadeli^hia, 

1878.  ^  ,.     ., 

Physical  and  Mathematical  Principles  of  the  Xebular  Theory.  By 
Jac«tl)  Ennis.     London,  1878. 

Origin  of  Power  which  causes  Stellar  Radiations.  By  Jacob  Ennis. 
London,  1878.  From  the  Author. 

Fift^'-eighth  Annual  Report  of  the  Managers  of  the  Apprentices 
Library  Company.     Philadelphia,  1878,  From  the  Company. 

Proceedings  of  the  Tenth  and  Eleventh  Annual  Conventions  of  the 
American  Master  Mechanics'  A.ssociation,  Cincinnati,  1877  and  1878. 

From  the  Association. 

Quarterly  AVeather  Report  of  the  Meteorological  Office.  Part  3. 
July — September,  1875.     London,  1878. 

From  the  Meteorological  Office. 

Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers. 
Vols.  53  and  54.     London,  1878.  From  the  Institution. 

Third  Annual  Report  of  the  A\'ater  Commissioners  of  the  Citv  of 
Lowell,  1873. 

The  President  then  presented  and  read  the  following 
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^'(iiir  I'xnird  uj"  M;iii:iu'('i'>  r(S|»cct t'lillv  >iilmiits  tlic  followiiio  [[>■- 
pn't  tor  the  year  ISTS  : 

Mciiihcis. — Dnriiii;'  tin-  \'car  UH  |ht.<(»ii.<  were  elected  meiiihers  otMie 
Institute,  and  •").">  have  re.^itiiied  iiieniliersliip. 

I>v  dealli  tlie  Institute  lias  lost  fuui'  estimable  lite  nieiulxTs,  iiaiu'-lv^ 
Mr.  Win.  Welsh,  Mr.  iJI.M.iuHeld  II.  M.M.re,  Mr.  Thos.  II.  Mowers 
and  Mr.  L.  .V.  ( Jodey. 

Trcd-siiii  /s  /kCjjoif. —  The  Treasurer's  lve|»ort,  which  will  he  prt'- 
seiited  t»»  the  Institute  this  e\'euin«i',  e.xhihits  the  toliowino-  >uniniaiy  : 

Balance  on  hand  .Ian.  Ist,  1S7S,      ....   >>],S()!>.4s 
Kiiilway  K<[ui|)nient  Uonds  paid  uW,  .     s:',,()( »().(»(» 

Jiloonifii'ld  Moore    l^'und    held   in    trust  t'oi-   the 

iniprovenient  of  the  Lihrary,        .  .  1  (),()()().()( I 

|;},()O(K0i) 


Keceipts  from  ordinar\"  xturces  ot"  income,  .  .      !),71'M1 


S-_>4,')]'.>.")1> 


/'(ii/iii(iitf<. 

Bloonilield  Moore  h'nnd  depo.-ited,              .                              .  .^1(),()()(>.<H) 

J  *av  men  ts  tor  ordinary  <'.\  I  lenses,           .               .               .  11, .')()!, 42 

Jialance  in  hand  Dec.'.Jl,  1.S7S,     ....  ;},()1S.17 


It  will  thus  i)e  seen  that  the 


S24,")l  !•."):> 


Ortlinarv  e.\|»en.ses  were,    .....  1$1 1  ,")(>!  .42 
"      "     receipts,        .....  il,71<>.n 


Iv\hil)itin<i  a  deticiency  of  .  .  .   S    1,7'.»1.->1 

which  was  occasioned  l>y  the  continued  defalcation  in  payment  o|"  rlic 
Bonds  of  the  ( 'itv  of  I'ittshurii,  and  lt\-  other  manifestations  of  the 
hardne.ss  of  the  times. 

7'lic  Joniiin/  of  f/if  liistihitc  has  hcen  i.ssued  regularly  during  the 
|ta.-t  vear,  under  the  direction  of  the  Committee  on  I*ul)li<"ation,  with 
tiu-  a.ssistance  ol"  the  Secrctai'v — an  ai'rauti-enient  <'ntered  into  in  tin- 
(•;U'lv  |)art  of  1S77,  and  which  has  proved  very  .satisfact(»ry. 

'The  laruc  nund>er  of  articles  containiuii'  the  results  of  oriL''inal  work, 
j»v  alih'  investiealoiN,  which  have  a|)peared  in  its  pa<i-es  durinti-  the  pi-t 
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vear,  have  fullv  .sustained  it«  rank  among  the  leading  technological 
journals,  as  is  evidenced  by  the  amount  of  matter  reprinted  from  it, 
both  in  home  and  foreign  journals. 

The  deficit  in  its  accounts  for  the  past  year  was  reducetl  to  a  compa- 
nitivelv  small  sum,  and  it  is  confidently  hoped  that  with  the  continued 
assistance  of  its  valued  contributors,  and  the  increased  support  of  mem- 
bers and  friends  of  the  Institute,  which  will  come  with  the  revival  of 
the  industrial  interest  of  the  country,  the  JoURXAi.  will  be  entirely  .self- 
supporting. 

hraiciny  School . — At  the  close  of  the  spring  term  of  the  Drawing 
S<-hool,  Prof.  T^.  M.  Haujjt  found  him.self  compelled,  by  ])re,ssure  of 
other  duties,  to  resign  its  charge,  greatly  to  the  regret  of  the  Board. 

The  school  was  reorganized,  however,  in  the  autumn  by  Mr.  Philip 
Pi.stor,  M.  E.,  and  there  was  instituted  a  regular  course  of  instruction, 
extending  over  two  years,  commencing  with  the  nit>re  important  ele- 
mentarv  ])roblems  in  plane  geometrical  drawing,  and  covering  so  much 
iA'  de-sc-riptive  geometry  and  orthographic  and  isometric  ])rojection,  as 
are  necessary  to  a  complete  knowledge  of  mechanical,  architectural  and 
t«  »p(  )gra})hiciil  drawing. 

The  instruction  in  free  hand  diiiwing  was  discontinued,  except  a.s 
:tpi)lie(l  to  sketches  of  machines,  etc.,  to  be  used  in  making  .-^cale  draw- 
ing and  some  exerci.ses  in  the  different  orders  of  architecture ;  leaving 
all  the  instructi<»n  of  purely  ornamental  and  deconitive  character  t»j 
«»ther  well-known  institutions  in  the  city. 

The  method  of  teaching  adopted  omits  almost  (  ntirely  the  use  of 
fiat  co])ies,  depending  j)rincipally  upon  blackboard  ilhistrations  and 
exercises  in  drawing  from  mmlels. 

While  this  course  was  s«trongly  rec<mimende<l  to  all  th(  |)U|)ils,  those 
sufficiently  advanced  had  the  opportunity  of  ele(.-ting  to  take  special 
in.xtruction  in  some  branch  of  more  immediate  importance  to  them- 
selves. 

The  results  of  the  first  quarter  have  been  very  satisfactory,  nearly 
all  the  pu])ils  choosing  the  regular  cour.se,  and  their  advance  has 
been  very  encouraging. 

This  is  an  important  branch  of  the  work  of  the  ln.stitute,  and  the 
Board  <-ommends  it  to  the  earnest  supp<»rt  of  the  members. 

Lecfare«. — During  the  early  pai't  of  the  year  (Jan.  ."id  to  Maivh  5th) 

"NVholk  No.  Vo;.,  (VJI, — iXhikk  SkkiJ':^,  Vnl.  Ix.xvii.  10 
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tlicrr  were  ^-ixfii  six  Icctiirts  l)v  Prof".  Klilin  riioiMsoii  od  the  ( 'orrc- 
latioii  (if  Forces,  three  l)y  Pi'of.  W  K.  ( 'hase  on  the  Miiiuifheture  of 
Bricks,  P;i|ter  and  Ink,  and  eiulit  in  the  eK'nieiitar\-  series,  hv  Prof". 
K.  H.  l^ai'tlev,  on  ( 'hemistry. 

In  the  arranucinent  f"(»i'  lectnres  this  winter,  ttiei'c  was  jii-ovided  a 
coiisiderahle  nuniher  ilhistratinii;  the  useful  a()j)Iications  of"  scieuco, 
some  of  them  hein<i-  upon  suhjects  now  attracting;  a  hirii;e  dejiree  of  |)oj)u- 
hir  attention  ;  (»f  tliis  class  Prof.  K.  J.  Houston  delivered  six  during 
Novemlx'r  and  l)ecend)er. 

Durinii-  the  sam<'  months  I)i\  \\  .  11.  (Jretne  liaxc  eight  valtiaitle  lec- 
tures on  Oriiiinic  Chemistrv. 

The  s|>e('ial  rate  of  admission  to  ihe  elementary  lectures  offered  to 
non-mend)ers  durint;'  the  |)ast  tw(»  years  was  discontimieil,  as  it  was  not 
made  use  of  to  any  consideral)le  extent. 

I^i'of.  Houston  ga\'e  his  usual  lecture  to  children  during- ( "hrist mas 
week. 

/'/t<)iin(/i(ij)/ii/. —  The  <'lass  in  |)houogi"a|)hy  was  continued  under  the 
charge  of  Mr.  D.  S.  Holmau,  and  the  attendance  during  the  year  has 
Ix'cn  satisfactory. 

Moiif/t///  Mcctiiif/s. — The  following  statement  of  the  attendance  at 
the  moiithlv  meetings  for  the  |tast  three  years  shows  a  constauth" 
increasing-  interest  on  the  |>art  of  memhcrs  and  the  puMic: 

N'l'ars.  Meniliers.  N'isitors. 

I.s7(i  l,()<in  112 

1.S77  ],. •;!)(>  is? 

1S7.S  1,42.")  4(Mt 

Lihidiif. — The  Hoard  has  U'cn  anxious  Wtr  the  impro\-cment  of"  the 
liihrary,  and  has  ap|)ropriated  to  it  all  the  funds  available  f"(»r  that 
pur))ose,  and  l»eg-  to  rcf"er  to  the  report  of  the  ('ommittee  on  its  Con- 
dition, etc.,  which  will  he  duly  read. 

I)\-  order  of  the  lioard, 

Ik.  K.  I\(>(;i:i;s,  /'n.slilci/. 

.\fter  the  rca<ling,  1  )r.  Kogcr-  remindid  the  mendters  thai  with  this 
report  lie  \irtually  ended  his  dutio  as  Proident.  and  took  occasion  to 
thank  them  for  their  unvai'ying  kindness  toward  him  during-  the  f"(tur 
years  he  had  scrxcd  the  Institute,  which,  although  old  in  vears,  is 
NdUthful  in  \  ii:<>r  and  u>el'ulness. 


fph.,  ISTO.i  Proorrdiiuja,  rfr.  \'-^^ 

On  motion  of  Mr.  .1.  K.  Mitchell,  the  onlcr  of  business  was  sus- 
pended, and  tlie  foljowiiio-  |)rcanil)le  and  resolution  were  unanimously 
ado|)te<l  : 

\N'llEKKAs,  Our  liiuldv  esteemed  |)residinu-  otIKeer,  Dr.  R.  E.  Rogei>i, 
liavinu-  declined  a  re-election  to  the  ottice  he  has  so  acce])tal)ly  filled  for 
the  ))ast  four  years,  it  is  therefore 

Be.s()/r((l,  That,  in  parting  with  Dr.  Hojrers,  we  desijv  to  i)lace  on 
record  our  high  a})j)reciatiou  of  the  courteous  aud  impartial  manner 
witli  which  he  has  presided  over  our  deliheratitms,  as  well  as  our  apjnv- 
ciation  of  the  valuahle  time  and  talents  he  has  devoted  to  the  service 
(►f  this  Institute,  and  we  indulge  the  hope  that  in  the  future,  as  in  the 
past,  it  mav  have  the  heiietit  of  his  extensive  research  and  great  expe- 
rience. 


77/r  Li/irnrtf. 

The  C«»mmitttee  on  the  Liljrary  res|)ectfully  rejjort : 

That  during  the  year  1S7S,  just  |>asscd,  the  gradual  im])rovement  of 

the  Library  has  been  continued. 

We   have   added   to  our   collection    <S()<)  volunu's  and  4-"')  ma})s.      Of 

the  books,  4oo  are  bound  and  '■)'}]   niibonnd. 

Total  number  of  bound  \-olumes  Dec.  '■>] ,  1S77,  l."),104 
"  "  "  "        Dec.  ;n,  1S7H,  l:',,5.")i) 


During  the  |)ast  year  we  have  ari-anged  an  exchange  with  the  Royal 
Acjidemy  of  Belgium,  by  which  weai'c  to  receive  a  complete  set  of  their 
Proceedings  from  the  beginning,  in  return  for  a  full  <'opy  of  the 
JoURXAT.  of  the  Institute,  with  contimied  exchange. 

Also,  by  the  liberality  of  the  French  (Tovernment,  we  ac(juirc  all 
the  volumes  necessarv  to  com|)lete  oiu*  collection  of  French  Patents; 
also  the  Anmdci^  (le,s  Pouts  <i  ( 'Jiaiisst'^s,  with  many  vabiable  Reports 
and  the  A.)n}(if('s  des  Mincn,  f  >r  which  we  are  to  >end  a  full  copy 
of  the  JoUKNAL  in  exchange. 

A  continued  and  successful  effort  has  been  maintained  to  fill  uj)  the 
sets  of  some  valuable  serials.  Although  the  result  <l()es  not  swell  the 
CataloQ-ue,  it  increases  the  value  of  the  Lil)rarv  for  reference. 

The  use  of  the  Library  by  th(*  memi)ers  continues  to  increase  with 
its   improvement.     During   the   j)ast  yeai-   1,9S4    volumes  have    been 
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taken    out    hv  2<i'0    niomhors,  while   the    use  of*  the  hooks  in  the  Hall, 
both  by  reading  and  by  making  extnicts,  has  lieen  continued. 

The  Institute  is  aware  that  the  Lil)rary  is  to  receive  the  benefit  <)f 
the  liberal  gift  of  .^1(),()()()  from  Mrs.  Hloomfield  H.  Moore,  who  thus 
desires  to  establish  a  memorial  of  her  late  husband. 

No  more  fitting  tribute  to  the  meuK^rv  of  an  honored  member  could 
have  been  designed,  and  the  committee  feel  a  |Kxndiar  satisfaction  in 
accomplishing  an  object  with  M'hich  they  sympathize  so  much. 

Signed,  by  order  of  the  C^mimittee, 

W.  P.  Tatham,  ClutlniHin. 

Philadelphia,  Jnn.  G,  1H79. 


The  repre-senfatii'c  of  the  In.sfifufe  in  the  Peiui,\i/lv(inl<(  }fit.'«-iiiit  ami 
School  of  Indinifnal  Art  pn'M'nted  thefofloiriu(/  rcitorf  : 

The  progress  made  during  the  past  year  in  tin-  develo[)ment  (»f  the 
original  plan  of  the  institution  has  grwitly  increased  its  usefulness. 

The  arrangement  with  the  Permanent  Exhibition  Company  was 
entered  into  on  May  lUth,  1877,  })y  which  that  (H)rp<)ration  was  to 
receive  all  the  entrance  money  and  issue  tickets  a(bnitting  to  b(»th  its 
building  and  Memorial  Hall,  and  pay  to  the  Museum  <'orporatiou  a 
fixed  sum.  The  Exhil)iti<»n  ( 'ompany  having  failed  to  pay  over  the 
money  due  under  their  contract,  the  Museum  was  deprived  of  a  con- 
siderable poi'tion  of  its  income,  and  in  Aj)ril  la^t  the  agreement  was 
cancelled  and  the  receipts  at  Memorial  Hall  passed  directly  into  the 
treasur}'  of  the  Museum.  Since  tliat  time  the  admissions  have  consid- 
erably fallen  off,  owing,  no  doubt,  in  a  large  degree  to  the  diflrtculty  of 
access  to  Memorial  Hnll  from  th(!  street  car  lines  on  Elm  avenue. 

The  experiment  of  o|)ening  the  collections  to  the  public  on  Sundavs 
has  proved  satisfactory,  both  in  the  character  of  the  visitors  and  in  their 
nunilxsr;  more  than  2f)  j>er  cent,  of  the  total  admissions  siiK'c  April 
♦ith  having  been  on  Sundays. 

During  the  year  the  collections  of  English  pottery  and  porcelain  lent 
by  Messrs.  Daniell  (t  Sons,  of  Tiondon  ;  of  specimens  of  enameled 
gla.ss,  of  Jirocart,  and  of  pottery,  by  Deak,  lent  by  Messrs.  Landos  it 
Co.,  of  London,  and  of  the  c<jl lection  of  Spanish  jxittcrv  and  glass,  lent 
by  Signor  Reano,  of  Madrid,  were  returned  to  their  owners. 

'J'(»  fill  the  temporary  void  thus  cause<l,  the  Trustees  invit*^!  from 
citizens,  the    loan   of  suitable    objects  for    exhibition,  to   which   they 
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received  a  heartv  response.  The  period  of  the  loan  terminated  on 
Nov.  16th,  but  many  (if  the  depositoi-s  have  alhnved  their  objeets  to 
remain  for  an  indefinite  time. 

The  collection  illustrative  of  the  native  productions  and  the  manu- 
factures of  Britisli  India,  loaned  after  the  close  of  the  Centennial  Exhi- 
bition, has,  through  the  kind  offices  of  Sir  Herbert  B.  Sanford,  been 
presented  to  the  Museum. 

Other  gifts  have  been  received  from  private  citizens,  prominent 
among  which  is  a  cork  model  of  the  Temple  of  Neptune,  at  Pastum, 
sent  from  Naples  by  Mr.  Fred'k  Graif. 

The  Numismati(^  and  Antiquarian  Society  of  Philadel})hia  has 
deposited  its  valuable  and  extensive  collection  of  coins,  together  with 
similar  collections  belonging  to  the  American  Philosophical  Society, 
and  the  I^ibrarv  Company  of  Philadelphia. 

During  his  visit  to  the  Paris  Exposition,  the  Secretary  purchased  a 
few  s])ecimen8  of  art  workmanship  and  a  c(^nsiderable  number  of 
books,  on  Industrial  Art,  for  the  Library. 

The  collection  illustrative  of  mining  and  metallurgy,  belonging  to 
the  American  Institute  of  Mining  Engineei's,  still  remains  on  loan, 
and,  from  negotiations  now  pending,  it  is  expected  that  the  collectiou 
will  soon  be  permanently  deposited  with  the  Museum. 

During  the  last  session  of  the  Legislature  an  effort  was  made  to 
obtain  State  aid  in  the  work  of  the  cor}>oration,  but  it  resulted  only  in 
an  appropriation  of  S5,000  for  the  maintenance  and  re})air  of  Memo- 
rial Hall,  a  sum  considenibly  less  than  that  actually  expended  for  that 
|)urp(>se. 

The  ju'ovisions  of  the  U.  S.  Tariff  were  found  insufficient  to  admit 
free  of  duty  many  objects  imported  by  educ-ational  institutions,  and 
during  the  last  ses'^ion  of  Congress  an  amendment  was  made  to  \\\^ 
law,  by  which  nearly  all  articles  the  Museum  may  wish  to  import  \\'\\\ 
be  admitted  free,  and  which  relieved  a  numi)er  of  purchases  jiiad(> 
at  the  Centennial  which  up  to  that  time  were  under  b(»nd. 

The  progress  of  the  schools  during  the  yeiir  has  m«>re  tiian  ('(jualled 
the  expectation  of  the  Trustees.  The  instrU(?tion  has  been  in  the 
direction  of  self-help,  and  to  instil  into  the  minds  of  students  the  prin- 
ciples involved,  rather  than  allowing  them  to  leiirn  Ijy  rote.  The 
hours  of  attendance  were  changed  at  the  comment^ement  of  the  autumn 
term,  requiring  eiich  class  to  be  present  only  t\vice  each  week,  histead 
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•  if  ciicli  <Iay,  ;is  hcton^,  rims  ('nnl)liii}i-  tlic  s-inic  instructors  to  tcncli 
twice  ;is  in.iiiy  |)ii|)ils.  The  iinmlMT  nnw  ;ittcn<liiiir  rco;iil:ir  classes  is 
•200. 

'rite  art  nee<lle-\V(»rk  class  has  Iweii  continued  with  niarked  success 
as  to  the  instruction  j;iveu  and  the  character  of  the  work  |)roduced, 
although  it  has  not  been  self-su])j)ortin^-.  'Plie  nundxr  of  free  pupils 
is  kept  constantly  at  2o,  and  aftei-  tlu'y  ha\-e  ac(|uired  sufficient  |»roti- 
ciency  they  are  employed  on  orders  at  pay.  In  the  n)anau-enient  of 
these  classes  the  'I'rustees  have  been  «ireatly  aided  l)\-  the  Advisor\ 
Cotnniittce  of  twelve  ladies,  who  de\dte  much  time  to  the  work. 

So  fai-  the  work  of  the  different  departments  has  heon  carried  out  as 
fully  as  means  would  permit,  and  the  Trustees  confidentlv  aj^peal  to 
the  jH'ople  of  all  clas.ses  for  that  financial  aiil  iiecessarv  to  complete 
what  has  Keen  so  well  heufun. 

.1.  I  J.  Km(;iit. 


Profs.  Houston  and  Thomson  exhibited,  in  o|)eration,  two  forms  of 
their  vihratin^  electric  lamp,  o))eriJt<'d  I )y  currents  produced  hy  a  dyna- 
mo-elcctric  machine,  also  of  their  own  desiu;n  and  construction.* 

They  also  «rave  an  illustration  of  the  possihility  of  transmitting; 
power  foi-  lono-  distances,  throutih  small  wires,  hy  means  of  electrical 
currents.  The  currents  of  hi<rh  electrio  mcttive  force  ijeneratcd  l)V  one 
machine  were  conxcNcd  throuuh  two  fine  wires,  of  comltined  area  of 
•004  of  an  inch,  to  another  machine,  which  in  turn  iraxc  off  <'onsider- 
al)le  jxiwi'r.f 

The  tcllei's  of  the  election  held  this  dav  presented  their  rep<ti"t,  and, 
in  accordance  therewith,  the  President  declared  the  follow  iiiii"  nienihers 
elected  as  officers  and  manap'rs: 

Prrxifioif,  \\'illiani  P.  Tatham. 

Viri-I*nuii<liuf,  Jas.  E.  Mitchell. 

Scrrrtdry,  J.  H.  Knight. 

Trrox^ircr,  Fred'k   Fralev. 

}fn)iaf/ri'M  to  tferir  three  yearx,  Hector  Orr,  R.  E.  Rogers,  ?jlihu 
Thomson,  C'yrtis  Chambeix,  Jr.,  \\'\u.  W  McK<'an,  A\'m.  Sellers, 
H.  K.  Heyl,  .1.  Vaughan  Merrick. 

*Tlii«  maoliific  will  shortly  lie  described  in  the  Journal. 

t  For  deoiDiislratiori  of  the  principles  involved,  «ee  page  30  ante. 
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MaiuHfer  to  serrc  two  i/e(ir.s,  to  fill  nictdici/,  C  8.  Holler. 
Repiri«-iit((tir<'  in  the  Board  of  Jru.stee.s  of  the  PcuUKylniiiid  Mn.^ctnn 
Hiid  School  of  ]n<t  list  rial  Art,  J.  B.  Knight. 

J)r.  Ro^iC'rs,  the  retiring  President,  then  eondueted  his  siuressor,  Mr. 
Tathani,  to  the  chair,  and  expressed  his  gratification  in  resigning  it  to 
one  so  earnest  in  promoting  the  work  and  int<'rests  of  the  Institute  and 
skilfid  in  administration. 

Upon  a.xsuming  the  chair  Mr.  Tatham  thanked  the  members  for  the 
honor  .so  nnanimoasly  conferred  uj>on  him,  and  asked  their  indulgence 
for  any  deticienc}'  that  might  arise  from  his  ^vant  of  experience  as  a 
presiding  officer.  He  invoked  their  co-o])eration  antl  a.ssistance  in  pro- 
moting the  usefulness  and  prosperity  of  the  Institute;  for  ])rosperitv 
and  usefulness  go  hand  iji  hand.  He  culled  attention  to  the  facts  that 
in  1<S24,  when  the  Institute  was  founded,  the  city  contained  ahout  one- 
sixth  of  its  present  population,  and  that  within  the  tir.<t  year  then-after 
there  were  over  GOO  meml)ei*s  enrolled;*  that  of  the  largely  increased 
mnnher  of  inhahitants  of  Philadelphia  avc  should  now  have  as  large  a 
proportion  of  mendx'rs  as  in  tlie  earlier  years,  and  this  lie  believed 
could  be  ea.sily  accompli.shed,  if  every  mend)er  would  call  the  attention 
«»f  his  friends  to  the  advantages  the  Institute  offers  in  its  meetings, 
library,  lectures,  sections  and  committees,  to  all  per>ons  interested  in 
rlie  j)rogress  of  science  and  the  mechanic  arts,  whether  as  teaciiei-s  or 
learners,  or  as  de.siring  the  benetit  and  instruction  (»f  others. 

The  Secretary's  i-e]>ort  embraced  J.  d' A uria's  Steam  Engine  (Jo\- 
ci-nor  ;t  and  Meeker's  Automatic  Coin  Cashier,  to  facilitate  making 
change,  consisting  of  a  series  <»f  receptacles  for  coin  of  the  various 
denominations,  standing  at  an  inclination  from  tlic  |»ei'|>cndicidar,  an<l 
liaviuii  at  their  lower  ends  a  slide,  which,  when  m(»ved  to  the  pntper 
position,  allows  one  piece  of  coin  to  droj)  out.  The  slides  are  marked 
with  the  denominations  of  the  various  coins  contained  in  the  recepta- 
cles, and  are  operated  by  passing  the  tlunnb  n]>on  an  extension  thereof 
Itrojecting  to  a  convenient  distance,  and  the  palm  of  the  hand  is 
at  the  same  time  held  under  to  receive  the  coin  a>  it  drops  out  : 
Crawford's  Automatic  ( "ut-otf  foi-  Water  Pi|tes,  consistin<:  <>f  a  dif- 
ferential expansive  tiiermometer,  .so  coimected  to  a  c<K-k  at  tlie  htwer  end 


■  There  were  637  lueinbei-s  enroUod  in  l.S'J4. 
t  .\  description  of  this  ifdvernor  will  :i|i|iear  in  thi-  next   nnmlier  nf  tlie  Jt)eKNAJ., 
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of  the  service  pipe  in  the  house,  that  when  the  temperature  falls 
to  the  freeziug  point  a  cateh  is  disengag;ed,  allowing  a  weight 
attached  to  the  lever  of  the  cock  to  fall  and  close  it,  at  the  same  time 
opening  a  dri]),  allowing  the  water  contained  in  the  pipe  to  escape  : 
The  Hartford  Slat  Window  Blind,  in  which  the  slats  are  operated 
by  means  of  a  rack  concealed  in  the  frame  and  engaging  into  pinions 
attached  to  the  trunion  of  each  slat,  thus  doing  away  with  the  end 
usually  attached  to  the  edges  of  the  slats,  and  allowing  the  latter  to 
close  more  tightly:  Clark's  System  of  Ventilating  House  Drains: 
Cudell's  Se^ver  (ins  Ti*ap,  and  P.  E.  Jay's  System  of  aging  Liquors. 

Dr.  Isaac  Xorris  exhibited  and  explained  an  ini])r()vcnient  to  the 
s})ectroscoi)e  devised  by  him,  in  which  the  table  of  the  instrument,  sup- 
pctrting  ])risnis,  telescope,  etc.,  instead  of  being  fixed  firmly  to  the  pil- 
lar and  base,  have  a  hinged  motion,  similar  to  that  of  the  best  forms  of 
microsco})c,  enabling  the  student  to  use  the  spe(^trosco])e  on  an  ortlinary 
table,  while  the  telescope  being  inclined  gives  the  best  position  for 
making  accurate  observations,  and  with  the  greatest  comfort  to  the 
observer. 

The  violet  end  of  the  spectrum  is  raised  with  the  elevation  of  the 
telescope,  but  the  lines  are  readily  made  vertical  l)y  a  slight  turning  of 
the  slit,  and  in  practice  it  is  not  found  at  all  objectionable,  the  reading 
from  the  vernier  of  the  distance  apart  of  the  lines  being  the  same  as 
M'hen  the  table  is  in  a  horizontal  j>osition,  A  key  which  is  furnished 
jK'rmits  one  to  clani])  it  firmly  in  any  j)ositiou.  Another  advan- 
tage of  the  arrangement  may  be  stated  to  be  the  facility  with  which 
any  ])ortion  of  the  flame  from  a  Bunsen  burner  can  be  observed  with- 
out altering  the  height  of  the  lamj),  a  slight  elevation  or  de})ression  of 
the  telescijpe  effecting  it,  and  the  same  applies  to  the  tubes  used  for 
obtaining  the  sjK'ctra  of  li([uids  and  gases. 

Tt  can  be  adajjfed  to  any  spectroscope,  and  of  c(»urse  j)emits  of  its 
use  in  the  ordinary  way,  the  wonder  being  that  it  was  not  thought  of 
before,  so  many  advantages  cojuing  from  it. 

Under  the  head  of  defV'rred  business,  the  resolutions  from  the  Board 
of  Managers  and  from  the  Committee  on  Science  and  the  Arts  relative 
to  the  awards  (»f  medals  were  taken  u|>,  wlu^n,  on  motion  of  Mr. 
Weaver,  the  further  consideration  of  the  subject  was  ]K)sti)oned  to  the 
next  meetmg.  ,  t  .  . 

On  motion,  the  meeting  adjourned. 

J.  B.  KnKjIHT,  Sccri'lari/. 
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CONCERNING    Tl^^  •  or,  THE  LIMIT  OF  EFFICIENCY 
Ti 

OF  HEAT  ENGINES. 


By  J.  F.  Klein,  D.  E., 

Instructor  in  Dynamical  Engineering,  Sheffield  Scientific  School. 


A  thermodynamic  heresy  of  latter  days  having  denied  that  this 
classic  fraction  represents  the  maximum  efficiency  of  all  heat  engines 
irrespective  of  the  nature  of  the  M'orking  substance  employed,  and, 
having  spread  itself  unopposed  far  and  wide  over  the  land  to  the 
injury  and  confusion  of  those  not  well  grounded  in  the  first  principles 
of  thermodynamics,  it  has  been  thought  not  inopportune  to  examine 
the  grounds  on  which  the  aforesaid  heresy  seeks  to  justify  itself  and 
to  restate,  as  simply  as  possible,  the  reasons  for  the  faith  in  the  applica- 
bility' of  this  coe-fficient  of  work  to  all  possible  heat  engines. 

From  a  paper  first  read  to  the  American  Association  for  the 
Advancement  of  Science,  and  afterwards  published,  in  its  "  Proceed- 
ings," in  the  Journal  of  the  Franklin  lNSTiTUTE,and  also  in  part 
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5111(1  .substance  in  tlie  Int.  Sci.  Series  and  Pop.  Sei.  Monthly*  we  glean 
the  following: : 

(1)  The  present  ts'])e  of  vajior  eiisriiies,  rejtresented  by  the  steam 
engine,  ha.s  an  etfieieney,  theoretically  attainable,  which  is  greater  than 

(2)  Gas  engines  have  Ix-en  frefjiiently  designed  and  built  whose 
theoretical  efficiency  was  nnity. 

(3)  It  is  theoretically  possible  to  have  a  "  newtyjie  of  steam  engine " 
which  will  jinxluee  work  without  rejecting  luiy  heat. 

These  tliree  forms  of  grievous  error  characterize  the  heresy  and 
shall  be  destroyed,  rof>t  and  liranch  ,in  the  latter  party  (►f  this  i)aper, 
the  earlier  jiarts  being  devoted  to  demonstrating  anew  tlie  principles 
underlving  the  efficiency  of  all  heat  engines.  These  principles,  expressed 
in  the  form  of  propositions,  are  as  follows: 

Proposition  A, — It  is  impossible  for  any  heat  engine  to  perform 
work  bv  the  expansion  and  contraction  of  the  voluiiie  of  its  working 
substance  without  rejecting  heat. 

Proposition  \\. — The  efficiency  of  a  reversible  engine,  which  receives 
and  discharges  heat  only  at  its  upper  and  lower  limits  of  temjieniture 
respectivelv,  is  not  le.^a  than  that  of  any  other  engine  having  tiie  simie 
range  of  temperature. 

Corollarv  1. — A  reversible  engine  which  receives  and  discharges 
hejit  onlv  at  its  ui^jier  and  lower  limits  of  tem|>erature  respectively  is 
an  engine  of  maximum  efficiency  for  its  nmge  of  tem])eniture. 

Corollar\'  2. — A  reversible  engine  which  not  only  receives  and 
discharges  heat  at  its  upper  and  lower  limits  of  temperature  respect- 
ively, but  also  receives  and  discharges  heat  at  intermediate  temper- 
atures in  such  a  way  that  the  amounts  received  and  rejected  at  any 
given  temperature  are  always  ecpial,  is  an  engine  of  maximum  efficiency 
for  its  range  of  tem])erature. 

Corollarv  .'1 — Tne  maximum  efficiency  of  one  kind  of  reversible 
heat  engine  is  e(pial  to  tJiat  of  any  other  having  tlie  sjime  range  of 
temj>erature;  or 


*See  Proc.  Am.  Abb.  for  the  Adv.  of  .Science,  1877,  Journal  Frank.  Inst.,  Vol. 
CIV.,  pages  252,  32o,  389— Growth  oftlieSleam  Engine.  Int.  Nci  Series,  1878.— Growth 
of  the  Steam  Engine,  Pop.  Sci.  Monthly,  1878.  All  by  Prof.  K.  H.  Thurston.  See  also 
"Theoretical  Steam  Engine,"  by  Chas.  E.  Emery,  Sci.  Am.  Supp.,  July  18,  1877. 
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* 
The  maximum  efficiency  of  an  engine  is  independent  of  tlie  nature 

of  the  working  substance  employed,  and  is  simply  a  function  of  the 
two  limits  of  temperature  between  which  the  engine  works. 

Proposition  C. — Other  things  being  equal,  a  reversible  engine  Ls 
more  efficient  than  an  irreversible  one. 

Proposition    D. — The   maximiun  efficiency  of   any  heat    engine  is 

represented  by  the  proper  fraction  — L 9,  T^^  and  T^  being  respectively 

the  highest  and  lowest  absolute  temperatures  attainable  by  the  working 
fluid  in  the  engine. 

At  this  point  we  may  be  allowed  to  call  attention  to  t\\Q  incomplete 
treatment  given  to  this  matter  of  efficiency  in  the  elementary  treatises 
on  heat.  Corollary  3  is  generally  mentioned,  sometimes  proved  for  a 
particular  case.  Propositions  A  and  B  are  either  tacitly  assumed  as 
self-evident,  or  only  Proposition  B  demonstrated  for  the  common  Ciise 
when  there  are  but  two  reservoirs  of  heat  (boiler  and  condenser).  The 
efficiency  of  engines  having  "  regenerators  "*  is  generally  ignored,  the 
reason  probably  l>eing  that  the  use  of  more  than  two  reservoirs  renders 
the  demonstration  somewhat  more  complicated.  Proposition  C  is  often 
assumed  to  be  identica,l  with  a  particular  case  of  proposition  B :  we 
ourselves  have  not  been  able  to  demonstrate  it  rigidly  without  recourse 
to  the  calculus.  Proposition  D  is  easily  obtained  from  the  preceding 
propositions  and  the  sample  formula  of  proposition  C.  In  the  more 
advanced  treatises  on  heat — those  by  Rankine,  Hirn,  Zeuner  and 
Mc*Cullocrh — all  the  above  principles  follow  r«Klily  from  ecpiations 
established  by  the  aid  of  the  calculus.  To  those  not  familiar  with  this 
branch  of  mathematics,  such  deductions  are  not  perfectly  satisfactory, 
and  to  this  class  of  readers  it  is  hoped  most  of  the  demonstrations 
given  will  not  be  without  value. 

Before  demonstrating  the  above  propositions,  we  will  first  define 
what  is  meant  by  a  cycle  in  thermodynamics  and  then  not  only  describe 
the  cycles  belonging  to  the  two  theoretically  perfect  engines,  but  also 
describe  the  cycle  belonging  to  tlie  more  general  and  imperfect  case. 
Definitions  of  reversibility  and  efficiency  of  engines  will  also  be  given, 
and  the  general  mQthod  of  demonstration  indicatetl. 

*Tlii8  term  is  applied  in  air  engines  to  a  mass  of  metal  plates  or  network  of  wires 
which  serve  to  absorb  the  heat  of  tiie  charge  of  air  as  it  is  leaving  the  working  cylin- 
der of  the  engine  and  give  it  up  again  to  the  new  charge  of  air  while  on  its  way  to 
receive  a  new  supply  of  heat  from  the  furnace. 
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The  simple  and  fruitful  conception  of  a  cyde  mc  owe  to  Carnot.  It 
consists  in  supposing  a  body  which  has  experienced  a  certain  number 
of  transformations  to  be  brought  back  to  identically  the  physical  state 
as  to  density,  temperature  and  molecular  constitution  which  it  j)ossessed 
at  the  begimiing  of  the  series  of  changes.  The  initial  and  final  states 
of  the  body  being  the  same,  its  internal  energy  at  the  beginning  and 
end  of  the  cycle  will  be  the  .same,  and  any  mechanical  effects  that  may 
have  been  produced  during  the  complete  cycle  of  operation  can  only 
be  ascribed  to  purely  external  thermal  changes.  A  cycle  can  be  repre- 
sented graj)liically  by  a  series  of  lines  forming  a  closed  curve,  as 
rt,  6,  d,  c,  a,  (Fig.  1 ).  When  the  coordinates  of  the  diagram  are 
volumes  and  pressures,  a  cycle  may  also  be  called  an  indicator  diagram, 
l>ecaiLse  it  repre-sents  not  only  the  changes  of  pressure  and  volume 
experienced  by  the  body,  but  also  the  work  done  by  the  latter. 

The  simplest  of  the  two  perfect  engines  is  that  which  describes  an 
indicator  diagram  called  "  Carnot's  cycle,"  which  consists  of  "  four 
operations"  represented  by  the  four  curves,  ab,  he,  ed,  da  {Fig;.  1).  We 
will  describe  the  four  operations  :  Suppose  a  body  in  the  cylinder  of 
an  engine  to  have  a  volume  om  and  pressure  nut,  and  that  the  temper- 
ature corresponding  to  this  volume  and  pressure  is  t^ ;  if  the  body  i!> 
now  placed  in  communication  with  a  source  of  heat,  M,  at  the  same 
(or  insensibly  higher)  temperature  t^ ,  and  be  allowed  to  expand  so 
that  its  temperature  remains  constantly  equal  to  that  of  the  source  31, 
it  will  perform  the  external  work  mabr,  and  will  receive  an  amount  of 
heat  from  M  represented  by  Q^  .  This  ends  the  first  operation,  which 
is  sometimes  briefly  described  by  saying  the  body  receives  heat  along 
an  isothermal  ah.  During  the  second  operation  the  source  of  heat  M 
is  supposed  to  be  removed  and  the  body  to  expand  without  transmis- 
sion of  heat  in  the  non-conducting  cylinder  till  its  temi)crature  has 
fallen  to  that  of  the  refrigerator  N,  namely,  ^o;  the  body  will  then 
have  ag-ain  done  work  represented  by  rbcs,  but  without  any  trans- 
mission of  heat  to  or  from  external  bodies.  This  operation  is  also 
(lescribe<l  thus :  The  body  expands  along  the  adiabatic  curve  6c.  In 
the  third  operation  the  body  is  supposed  to-  be  in  contact  with  the 
refrigerator  .V,  and  is  then  compressed  by  means  of  a  piston  so  that 
its  temperature  remains  cf)nstantly  equal  to  that  of  N.  The  work 
expended  on  the  Ixnly  will  then  be  equal  to  edn>i,  and  the  heat  with- 
drawn from  the  body  may  be  represented  by  Q^,  which  is  always  less 
than  ^i .     The  compression  is  continued  till  the  body  reaches  a  state 
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<l,  from  wliioh,  by  means  of  the  fourth  operation,  consisting  of  com- 
pression without  thermal  communication  with  external  bodies,  the  body 
may  be  brought  back  to  its  original,  primitive  state  a.  Tlie  work 
expended  in  the  body  along  the  adiabatic  da  will  be  damn,  and  the 
last  two  operations  are  often  briefly  described  as  compression  along  the 
isothermal  ed  and  adiabatic  da.  During  this  cycle  of  operations  a 
quantity  of  heat  Q^ — ^^  has  been  transformed  into  the  work  W= 
J{Qi — (^^,)=area  abed,  and  contemporaneously  a  quantity  of  heat  Q^ 
has  been  transferred  from  the  hot  body  M  to  the  cold  body  N.  This 
is  a  jjoint  that  has  not  received  in  elementary  treatises  on  heat  the 
attention  that  it  deserved ;  this  quantity  of  transmitted  heat  Q^^  stands 
in  just  as  definnite  and  persistent  a  relation  to  the  work  performed  as 
the  transformed  heat  Q^ —  Q^.  It  cannot  be  too  strongly  insisted  upon 
that  whenever,  in  a  cyclical  process,  mechanical  effect  is  produced  we 
always  have  not  only  a  disappearance  of  heat  equal  to  the  work  per- 
formed, but  a  transmindon  of  heat  from  a  hot  body  to  a  cold  body. 
This  being  true,  the  working  fluids  which  actuate  our  heat  engines, 
must  also  serve  as  mediums  for  the  transmission  of  heat,  and  must, 
therefore,  not  only  receive  heat,  but  reject  heat.  Carnot,  endeavoring 
to  explain  how  work  was  obtained  from  heat,  called  attention  to  the 
fact  that  the  performance  of  work  in  steam  and  air  engines  was  always 
accompanied  by  a  transmission  of  heat.  His  assumption  of  the 
Caloric  theory,  however,  led  him  into  the  error  of  supposing  that  all 
heat  received  would  be  rejected ;  that,  as  much  heat  would  be  found 
in  the  condenser  as  had  been  received  by  the  boiler,  and,  therefore,  that 
the  performance  of  work  was  due  to  the  mere  transmission  of  heat.  We 
now  know  that  this  was  only  an  approximation  to  the  truth,  that  of 
the  heat  received  by  the  working  substance  a  part  is  transformed  into 
work  and  the  remainder  transmitted  to  a  colder  body. 

Before  demonstrating  the  correctness  of  this  assertion,  we  will  call 
attention  to  another  of  Carnot 's  fruitful  conceptions :  The  reversible 
cycle,  which  consists  in  supposing  the  working  substiince  employed  in 
the  theoretical  engine  to  j)ass  through  such  a  series  of  transformations 
that  the  physical,  chemical  and  mecihanical  changes  that  may  accom- 
pany or  cause  them  can  take  place  in  the  opposite  sense  when  the 
engine  is  reversed ;  then,  if  while  the  engine  is  running  forward,  the 
result  of  the  cycle  of  operations  ahcda  is  the  production  of  an 
amount  of  work  W,  the  disappearance  of  a  quantity  of  heat  ^^ — Qq, 
and  the  transmission  of  the  heat  ^/j  from  the  source  J/ to  the  refrige- 
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rator  K,  the  result  of  the  revei-sed  cycle  adcba  M'ill  be  the  expenditure 
of  an  equal  amount  of  work  W,  the  generation  of  an  equul  quantity 
of  lieat  (^^ — ^^0 '^"'1  the  transmission  of  the  heat  Q^  from  the  cold 
l)0tly  i\' to  the  hot  body  J/.  For,  when  the  cycle  is  reversed,  the 
workinjr  substance  receives  back  from  its  former  rcfri<i;erator  iVau 
amount  of  heat  (j>„  ei[ual  to  that  discharged  into  iV  during  the  fii-st  or 
forward  set  of  operations  and  gives  up  to  the  source  M  a  quantity  of 
heat  Q^  e(jual  to  that  previously  received.  This  conception  of  reversi- 
bility is  a  purely  ideal  one  and  can  never  be  realized  completely  by  aii 
actual  engine,  for  it  recpiires  that  the  temperature  of  the  working 
substance  should  not  be  sensibly  different  from  those  of  the  external 
bodies  with  which  it  is  brought  into  thermal  (communication,  and  that 
its  expansive  force  should  not  be  sensibly  ditferent  from  the  external 
pressure  to  which  it  is  opposed. 

Carnot's  tycle,  which  we  have  been  hitherto  considering,  is  of  great 
interest  bec;ause  it  represents  the  8inq)lcst  i^rfect  engine ;  in  it  only 
two  reservoirs  of  heat — the  source  M  and  the  refrigerator  iV — are  in 
thermal  comnuinication  with  the  working  substance,  and  keep  the 
latter  at  constant  temperature  while  transfer  of  heat  is  taking  plac*^ 
the  necessary  fall  and  rise  of  temperature  being  respectively  accom- 
plished by  the  expansion  and  contraction  of  the  volume  without  any 
tlwrnxdl  comnumication  witii  external  Inulies.  In  graphical  thermody- 
namics this  is  briefly  expressed  l)y  saying  that  Carnot's  cycle  is  com- 
posed of  two  isothermal  and  two  adiabati(r  curves. 

There  are,  however,  an  infinite  lunnber  of  cycles  or  diagmms. 
comjx)scd  of  only  four  curves-,  whi<'h  also  represent  theoreticiilly 
perfect  engines.  Two,  ah  and  ef  (Fig.  1),  of  these  four  curves,  a.s  in 
"Carnot's  cycle,"  are  isothermals;  the  other  two,  6eand  af,  are  called 
by  Rankine  iHodiahatioa,  and  rej)rcsent  the  changes  of  volume  and 
pressure  of  the  working  fluid  when  respecrtively  discharging  and 
receiving  heat  at  temperatures  lying  between  the  extremes.  They  are 
always  found  in  pairs,  being  inseparal)ly  conncct(!fl  by  the  condition 
that  tilt-  heat  <liscjiargcd  by  the  fluid  at  one  temperatiu'c  nuist  l>e 
exactly  e([ual  to  that  received  by  it  when  at  the  same  temperature,  or^ 
referring  to  the  diagram,  this  condition  may  be  expressed  by  saying 
that  the  heat  discharged  along  the  element  /,  lying  between  the  isother- 
mals t'  and  f",  must  be  exactly  ecjual  to  that  recreived  along  k.  But^ 
in  order  that  this  condition  may  be  fulHlled  and  the  series  of  changes 
represented  by /;c  and   '(/"  be   reversii)le,  more   than    two  reservoirs   of 
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heat  are  needed — an  indefinite  number,  in  fact^ — one  tor  each  temper- 
ature. One  re.servoir  may  then  be  made  to  do  duty  l)()th  as  a  .source 
and  as  a  refrigerator,  receiving  a.s  much  as  it  imparts  and  having  at 
the  end  of  tlie  operation  as  n\\xv\\  heat  as  at  the  beginning.  In  such  a. 
cycle  the  heat  expended  and  rejected  will  (as  in  Carnot's  cycle)  be  that 
which  is  furnished  and  abstracted  by  the  reservoirs  M  and  N  along 
the  isothermals  ah  and  ef.  We  will  hereafter  prove  that  the  efficiency 
of  an  engine  having  the  indicator  diagram  abef  is  equal  to  that 
describing  Carnot's  cycle,  or  diagram  abcd.^' 

The  two  cycles  hitherto  de-  I'ig-  1- 

scribed  have  been  cho.sen  becaase 
of  their  simplicity  and  l)ecause 
they  represent  the  only  two 
classes  of  engines  whose  effi- 
ciency is  e(pial  to  the  maximum. 

As  may  l)e  easily  imagined, 
there  are  an  infinite  number  of 
others  whose  working  fluids  re- 
ceive and  discharge  heat  at 
temperatures  lying  between  the 
available  extremes,  without  necassarily  receiving  and  discharging  equal 
amounts,  and  which  have  numerous  reservoirs  not  necessarily  at  the 
same  temperature  as  the  working  substance  during  the  transfer  of  heat. 
The  indicator  diagram,  abcda  (Fig.  2),  may  be  tiiken  as  the  repre- 
sentative of  such  an  engine.  In  this  case,  as  in  every  other,  the  effi- 
ciency is  measured  by  the  ratio 

W    Work  done  , .. . 

JQi         Heat  expended  (ft.  lbs.) 

In  the  simple  cycle,  abcda  (Fig.  1),  the  heat  expended  is  identical 
with  the  total  heat  received  by  the  working  substance,  and  the  heat 
permanently  rtjected  with  the  total  amount  abstracted ;  but  in  abef  a 
(Fig.  1)  we  no  hunger  find  this  to  be  the  case,  the  heat  expended  and 


0 


m     n 


*  One  of  the  i.sudiabatic  curves  may  be  arbitrarily  assumed  and  the  other  obtained 
by  combining  the  above  condition  with  the  equation  expressing  the  rehvtion  betweeen 
the  volume,  pressure  and  temperature  of  tiie  working  fluid  employed.  The  adia- 
batics  are  only  a  particular  case  of  the  iso-diabatics ;  that,  namely,  in  wiiich  tiie 
transmission  of  heat  equals  zero,  and  since  the  former  are  often  and  properly  called 
curves  of  no  trunsnii.siiion  of  hent,  the  latter  may,  in  the  above  limited  sense,  be  calle<l 
curves  of  equal  ^/'a/i.soi/.s.sfOH  of  heat. 
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rejected  being  respectively  equal  to  the  heat  lost  by  the  reservoir  at  the 
highest  toinporature  and  that  gained  by  the  re.servoir  at  tlio  lowest 
temperature,  the  losses  of  all  tlie  intermediate  ones  being  balanced  bv 
their  gains.  In  the  general  case  represented  by  abcda  (Fig.  2)  we 
must  in  like  manner  be  CiU'cful  to  distinguish  between  the  heat 
expended  and  the  total  heat  received  by  the  working  substance,  also 
Iwtween  the  total  amount  of  heat  abstracted  and  that  part  of  it  which 
is  rejected,  never  to  be  again  used  in  subsequent  cycles.  Since  we  are 
here  seeking  to  determine  the  conditions  of  maxinnun  efficiency,  we 

will  suppose  our  engines  to 
run  without  friction,  that 
there  are  no  leakages  of  heat 
due  to  imperfect  protection 
against  induction  and  radia- 
tion, and  that  no  losses  occur 
which  are  due  to  permanently 
rejecting  heat  caj)able  of  par- 
tially or  completely  compen- 
sjiting  the  intermediate  reser- 
voirs for  their  losses  of  heiit. 
Assuming  that  all  these 
sources  of  loss  have  been  removed,  we  can  now  define  the  quantity  of 
heat  expentled  in  a  cyclical  process  to  be  that  ([uantity  which  is  equiva- 
lent to  the  work  done  | )I  us  the  heat  permanently  rejected  ;  expressed 
analvticallv,  this  is 

J  Q,=  \V~\    J  (h  (2) 

whicli  can  also  be  written 

"'  =  ;/(Vi-<^/.)        _  ^        (3) 

where  J  represents  the  mechanical  ecpiivalent  of  heat,  and  Eq.  (3)  the 

law  of  the  eiinivalenee  of   heat  and   work  when  applied  to  cyclical 

processes.     Tliis    will  |)crliaj)s  be  more  evi<lent  if  we   intr<Mluce  into 

E(j.  (.*^)  the  t^'rms  which    have  disapjx'ared   because  of  theab(»ve-men- 

tioned  compensation ;   then 

ir=./[V,  -I    7-(7H-  <?..)]  (4) 

when  ^^,    1    Y  n;present  the  total  amount  of  heat   received,  and  q  -(- 
9„  the  total  amount  rejected  i)v  tlu^  working  substance. 

Tn  demonstrating  the  propositions  given  at  the  begiiniing  of  this 
article  we  shall  only  make  use  of  two  principles,  which,  though  simple, 
are  the  foundation  of  the  whole  Science  of  Heat.      Thev  are 
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I.  "  When  work  is  transformed  into  heat,  or  lieat  into  work,  the 
-quantity  of  work  is  mechanically  equivalent  to  the  quantity  of  heat." 

II.  "  It  is  impossible  for  a  self-acting  machine,  unaided  by  any 
external  agencv,  to  convey  heat  from  one  body  to  another  at  a  higher 
temperature."* 

These  two  principles  are  sometimes  called  the  first  and  second  laws 
of  thermodynamics ;  in  the  form  here  given  they  are  simply  "  the 
condensed  expression  of  exjieri mental  facts." 

Proposition  A. — It  in  imjjossib/c  for  ant/  heat  engine  to  perform  work 
by  the  expansion  and  contraction  of  the  volume  of  its  working  substance 
without  rejecting  heat. 

Let  aS (Fig.  3)  represent  the  indicator  diagramf  of  an  engine  which  rejects 
no  heat  and  yet  performs 
work,  its  range  of  tempera- 
ture being  t^,  ^„.  In  like  man- 
ner, let  B  be  the  diagram  of 
a  reversible  engine  which 
receives  all  its  heat  at  the 
temperature  /,  >  ^^  and  re- 
jects heat  at  any  tempera- 
tures equal  to  or  less  than  t^. 
Let  K  be  the  source  from 

which  R  draws  its  heat,  N      U Y 

the  reservoir  or  refrigerator 

into  which  it  discharges  heat,  and  J/  the  source  or  sources  of  heat  for 
S,  with  temperature  equal  or  less  than  t^.  When  both  li  and  S  are 
performing  M'ork,  let  the  work  ]iroduced  by  E  be  equal  to  that  pro- 
duced by  'S';  then 


ir,   =  work  performed  bv  engine  M 
]fV=  "  '    "  S 

Qi     =  heat  furnished  to  engine  R  by  K 
Qi'    =         "  "         >S'    "    3f 

Q(,     =  heat  abstracted  from  engine  R  by  X 

When  engine  R  is  reversed  we  have 


*This  principle  was  first  enunciated  by  Clausiiii-'  in  this  sliglitiy  different  form, 
''  Heat  cannot,  of  itself,  pass  from  a  colder  to  a  warmer  body-" 

t  The  diagrams  used  in  all  the  demonstrations  are  for  the  jmrposes  of  illustratioa 
and  abbreviation,  not  for  gra{>hical  demonstration. 
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H  ,  =  work  expende<l  on  eiigiiK-  It 
(^^    =  luiit  fiiniislu'd  to  "        '*   by  A' 

Q^    ^     "    abstracteil  t'roni    "        '*    "    K 
In  oitluT  «L-ie  the  values  of  ^^,,  (/„  aii<l   IT,  are  the  stime,  and  we 
have  Ironi  our  (ii-st  prin<'iple: 

and  it"  N  can  jx-rtorni  work  without  rcjectinj;  heat 

UV  = ./  v/ 

and  since  \\\  =   If','  =  -HQi  ~  ^^o)  =  -^  Vi' 

we  have  (^,  =  (^,  -P   Q^' 

N()W  suppose  the  two  engines  to  be  s(j  combined  that  -S  will  drive  R 
backward,  the  latter  will  then  transt'orin  the  work  ex))ende<l  on  it  into 
the  heat  <^i\  and  will  also  abstract  the  lu-at  (^^,  from  the  refrii:;erator  A' 
and  transnut  botli  (juantitics  of  heat  Qi  to  the  reservoir  A"  at  the 
temperature  ^  >  ^  >  ^o-  ^ince  the  work  e.\pende<l  in  ruiuiinir  one 
engine  is  exactly  balantxHl  by  the  work  di'velopeil  in  the  other,  we  have 
here  a  self-acting  machine,  which,  unaideil  by  any  external  agency, 
transmits  heat  from  two  colder  reser\'oii*s,  3/ and  N,  to  a  hotter  reser- 
voir, A'  which  is  contrary  to  our  second  principle  ;  therefore  the  hypo- 
tliesis  that  any  lu'at  engine  can  perform  work  in  a  cyclical  |)ro«'i'.s,-<  with- 
out reje<'ting  heat  is  false,  which  was  to  be  proNcd. 

IIkmauk, —  It  should  be  noticed  that  the  result  of  the  conibination 
involves  no  contradiction  of  the  first  principle;  for  the  heat  ^^,  gtiined 
by  the  reservoir  A'  is  exaetly  e<jual  to  the  heat  (^„  (^^^  lost  by  the 
reservoii-s  A' and  M. 

Proposition  \\. —  The  cjfiricncy  of  a  rcrcrsih/r  ciKjiiu-  irliich  recciirit 
and  rejects  h'at  only  at  it^  up/)er  and  lower  limits  of  temperature,  rexpec- 
tiveJy,  in  x«)T  liFSSs  than  that  of  ((ni/  other  engine  hnving  thr  samr  range 
of  frinperature. 

Ijct  the  reversible  engine,  which  receives  and  discharges  hejit  at  the 
highest  and  lowest  temperatures,  /,,  f,„  respectively,  be  represente<l  by 
H,  and  have  for  its  indicator  diagram  nihnd  (Fig.  2),  anil  let  any  other 
engine  having  the  sune  range  ot"  tem]»erature  be  represente<I  by  <S',  and 
have  an  indicator  <liagram  of  aM\  form,  :is  aheda  (Fig.  2),  but  included 
betwiM'ii  the  isothermals  /,  an  /„. 

SuiUKKSc  that  l)esides  the  two  reserv«»irs  of  heat  (J/^and  A  ),  at  the 
highest  lowest  tem|)eratures  (/,,  /„,  respe(?tively)  there  are  an  indefinite 
number  of  intermediate  reservoirs  (.^Z,',  .^/,"  ....  A'„')  which  while 
transferring   heat    may  <»r   may  not   be  at  the  same  temperature  as  the 
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working  substance,  according  as  the  cycle  abcda  i.s  revei^iible  or  irre- 
versible.    Now  suppose  both  engines  to  perform  work,  and  tliat 

iv   =  work  performed  by  engine  li 

W=  "     '^^^'v^  •'«  '*'    'S 

q^   =  heat  received  by  B  from  M 

q^   =     "    abstracted  from  R  by  N 

q^  -^  q  =  total  heat  received  by  »S'  from  M,  M^  .  .  .  .  N^^ 

Q^-^  Q=         "         abstracted  from  S  by  N,  N„ M^^ 

Qi  =  heat  expended  in  driving  8 

Qq  =     "    permanently  rejected  by  'S' 

Q  =     "    not     '^^  c»«  =^'        "  " 

=     "    returned  to  .Ml'  ....  AV 

When  the  engine  R  is  reversed  it  no  longer  performs  but  consumers 
work,  transforming  that  expended   in  driving  it  into  heat,  which  it 
delivers  to  3f;  it  also  abstracts  heat  from  the  coldest  reservoir,  ^Y,  nmJ 
delivers  it  to  the  hottest  reservoir,  Jf;  in  this  case  {R  reversed) 
w  =  work  expended  in  driving  R 
q^  =  heiit  received  by  R  from  N 
q^  =     "    abstra(;ted  from  R  1?):.,^  . 
In  either  case  the  values  of  w,  ry,  and  </„  are  the  same,  and  we  have 
from  our  first  principle 
w  =  J{q,-  q,)  and  W=  J[Q,  +  Q  -  {Q  +  ^„)]  =  ./(  Q,  -  Q,) 
Now  if  it  be  denied  that  the  efiicien(!y  of  R  is  not  less  than  that  of 
>S',  we  miLst  have 

w  W 

Tq,   ^  JQ, 

Thi.s,  we  will  show,  leads  to  a  contradiction  of  our  .second  princi- 
ple; for  supp(xse  the  work  that  c*an  be  performed  by  the  reversible 
engine  R  to  be  exactly  equal  to  that  performed  by  8,  then  if  the  two 
engines  are  (coupled  together  .so  that  S  drives  R  backward,  the  M'hole 
work  performed  by  ^S' will  be  expended  in  driving  R  and  will  be  traas- 
formed  in  the  working  sulxstance  of  the  latter  into  heat,  which  is  finally 
delivered  to  the;  hottest  reservoir,  M.  Besides  transforming  work  into- 
heat,  the  engine  R  abstracts  heat  e([ual  to  q^  from  the  coldest  reservcjir, 
N,  and  transfers  it  to  the  hottest  reservoir,  M.  The  total  amount  of 
heat  delivered  by  R  to  J/^vill  then  be 

'Ji=  ^    ■   %  =  Vi  —  Qo-r  % 
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TluTc  is  a  jmrt  { ^„)  of  the  total  licat  abstracted  {Q^  -j-  (/)  from  the 
working;  substance  of  -S,  whicli  uiiist  be  re<;ar(.le(l  a.s  permanently 
rejected  by  the  engine  because  it  cannot  assist  in  diniinishinfj;  the  expen- 
<litur(!  of  heat  in  snbsef|uent  cycles  e(jual  and  similar  to  iihrda.  Now 
^suppose  that  after  the  engine /S  ha.s  completed  its  cycle,  the  permanently 
rejected  heat  {Q^  be  allowed  to  flow,  by  cotuluctio)i  or  nuliafion  into  the 
coldest  reservoir,  N,  and  that  the  remaining  part,  Q,  of  the  total  heat 
iibstracted  be  also  allowed  to  flow  by  coyiducfion  or  radiation  into  the.se 
reservoii-s  (3//  J//'  ....  .V'„)  of  intermediate  temi)erature,  which  liavo 
lost  heat  l)v  supplying  it  to  the  working  fluid  of  the  engine  N.  If  this 
^•omjx'nstiting  process  be  so  conducted  that  the  restoration  of  heat  takes 
place  between  reservoii's  as  nearly  as  possil)le  of  the  sime  temperature, 
the  heat  restored  {Q)  will  be  a  maximum  for  the  given  cycle  abcda, 
-juid  the  heat  permanently  rejected  {Q^  a  mininmm.  The  final  result 
of  this  procedure  is  that  at  the  end  of  the  cycle  abeda  every  reservoir 
in  thermal  communication  with  the  working  sukstiince  of  the  engine  S, 
•except  the  coldest  one  (xV),  will  either  be  in  the  siime  condition  that  it 
was  originally,  or  will  have  lost  hciit.  Only  the  coldest  reservoir  (iV) 
will  have  gained  heat,  and  this  only  to  the  extent  (^p)  — the  mini- 
mum amount  of  permanently  rejected  heat. 

It  will  be  remembered  that  in  consc(]uence  of  the  denial  of  our 
jtresent  proposition  we  obtained 

«^      w 

If  we  combine  this  ine(|uality  with  the  ecpiation 

we  get  9i<7i  '"^<^  Q(s<<h 

That  is,  the  heat  gjiined  {(^^)  by  the  coldest  reservoir  {N)  is  le^s  than 
the  heat  (V/,,)  which  it  loses,  the  difference  ( V..— 7n)  halving  been  trans- 
ferred to  the  hottest  reservoir  (3/).  The  l(>sses  suflered  by  the  varioiLS 
reservoirs  of  <S  will  then  be 

4ind  the  gain  experienced  by  J/, 

7i 
The  preceding  equation  .shows  us  that  these  two  expressions  are  exactly 
■<(|ual  ;    there  has,  therefore,  been   no  destruction   or  creation   of  heat 
energy,  which  is  in  ac(;or<huice  with  our  first  principle.       But    in   our 
<*ombinatiHn  ol"  engines   the  work  exjK'nded   is  exactly  equal   to   that 
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produced,  and  we  liave  here,  therefore,  a  self-acting  machine  M'hich,, 
unaided  bv  external  agency,  is  capable  of  tran.^ferring  heat  from  the 
colder  bodies  il//,  J//',  .  .  .  .  iNTto  the  hotter  b(xly  M,  which  is  contrary 
to  our  second  principle,  "  Heat  cannot,  of  itself,  pass  from  a  colder  to- 
a  warmer  body."     Therefore  the  supposition  that 

w  W 

is  false,  which  was  to  be  proved. 

Remark. — It  .should  be  noticed  that  the  foregoing  demonstration  is. 
applicable  whether  -S  be  a  reversible  or  irreversible  engine,  for  only 
R  is  reversed. 

Corollary. — A  rever.s'ible  engine  which  receives  and  discharges  heat 
only  at  its  upper  and  lower  litnif^s  of  temperature,  respect  ively,  is  an  engine 
of  niaxiniuni  efficiency  for  its  range  of  temperature. 

This  corollary  is  an  immediate  consequence  of  the  proposition  just 
demonstrated,  for  since  the  efficiency  of  R  is  not  le.ss  than  the  most 
efficient  of  all  the  possible  engin&s  represented  by  *S',  it  must  be  equal 
or  greater,  and  R  is  therefore  an  engine  of  maximum  efficiency  for  the 
given  range  of  temperature. 

Corollarj'  2. — A  recersible  engine  which  not  only  receives  and  dis- 
charges heat  at  its  upper  and  lower  limits  of  temperature,  respectively, 
but  also  receives  and  discharges  heat  at  intermediate  temperatures  in  such 
a  way  that  the  amounts  received  and  rejected  at  any  given  temperature 
are  always  equal,  is  an  engine  of  maximu.m  efficiency  for  its  range  of 
temperature. 

It  will  only  be  necessary  to  prove  that  the  efficiency  of  the  rever- 
sible engine  contemplated  by  the  present  corollary,  and  which  we  will 
call  *S'',  is  equal  to  that  of  R,  which  has  just  been  shown  to  be  an  en- 
gine of  maximum  efficiency  for  its  range  of  temperature. 

Since  .S'  is  only  a  particular  case  of  the  general  engine  >S'of  proposition 
B,  it  follows  from  that  proposition  that  the  efficiency  of  S^  cannot  be 
greater  than  that  of  R,  and  we  have  now  only  to  prove  that  *S'  ^  can- 
not be  less  than  R. 

Suppose  S^  is  less  than  R,  then  we  must  have : 

W,'  w 

< 


Now  let  R  be  so  cho.sen  that  it  will  perform  the  same  amount  of 
work  as  S ',  and  then  couple  the  two  together  so  that  the  one  supposed 
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to  be  most  efficient  will  drive  the  other  backward,  /.  c,  R  drives ; 
then,  by  rea.'^oniiig  exactly  like  that  of  propoi^ition  15,  we  can  s^how  that 
the  quantity  of  heat  in  the  intermediate  reservoirs  of  tS^  will  be  the 
«ame  at  tlie  end  of  the  cycle  as  at  the  beginning,  and  that  the  only 
<'hange  that  lia.<  taken  ]>lace  is  the  transfer  of  heiit  from  the  coldest 
reservoir  .V  to  the  hottest  21  by  a  self-at;ting  machine  unaided  by 
■external  agency,  which  is  contrary  to  the  second  princij)le  and  conse- 
<juently  the  supposition  that  the  efficiency  of  S'^  can  be  less  than  that 
of  li  is  false,  and  since  it  is  not  greater,  we  must  conclude  that  the 
<'fficiency  of  aS''  is  ctjual  to  that  of  jK,  in  other  words,  <SMs  an  engine  of 
maxinnim  efficiency  for  its  range  of  tem|xirature,  which  wjis  to  be 
])roved. 

Corollary  3. — Th^-  maximum  efficiency  of  one  kind  of  reversible  heat 
engine  ii(  equal  to  flu  it  of  amjotJier  having  the  same  range  of  temperature  ; 
or, 

The  maximum  ejficienci/  of  an  engine  is  independent  of  the  nature  of 
the  tcorking  substance  employed,  and  is  simply  a  function  of  the  two  limits 
<f  temperature  between  which  the  engine  works. 

The  previous  propositions  and  corollaries  apply  equally  well  to  all 
iieat  engines  whatever,  for  they  contain  no  limiting  conditions  which 
would  restrict  them  to  any  particular  working  substance.  Il  has  been 
thought  desirable,  however,  to  emphasize  this  point  in  the  })resent  cor- 
ollar}'.  Here,  therefore,  different  kinds  of  heat  engines  nm.st  be  nnder- 
sto(Kl  ju<  meaning  engines  differing  only  in  the  working  sul)stance8 
<lriving  them,  moreover  the  maximum  efficiency  of  one  kind  of  heat 
<>ngiiic  nuist,  in  ac<'ordancc  with  corollary  1,  be  nnderstoo<l  to  mean  the 
<'fficiency  of  that  kind  of  engine  when  receiving  and  discharging  heat 
<»rdy  at  its  u{)[)cr  and  lower  limits  of  temperature;  thus  understoinl,  the 
two  forms  <»f  this  corollary  become  ecjuivalent,  and  one  demonstnition 
will  answer  for  both.  If  either  be  denied,  it  will  follow  that  the  max- 
imum efficiency  is  not  constant,  Iwing  greater  for  certain  kinds  of  heat 
engines  than  for  otliers;  it  will  then  Im  easy  to  show  by  metluMlspre- 
<'isely  analogous  to  those  alrejidy  employed  that  a  result  \vil  I  be  arrived 
Hi  contrary  to  the  oft-<|uot<Hl  second  principle. 

l^roposition  C. — Other  things  being  e<pial,  a  reversible  engine  is  more 
efficient  than  an  irrevcrxible  one. 

It  will  l)e  remembered  that  an  engine  was  defineil  as  irreversible 
when  the  tcm|)crature  of  its  working  substanw  differtnl  sensibly  from 
that  of  the  external  bodies  with  which  it  was  brought  into  thermal 
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communication,  or  when  the  expansive  force  differed  sensibly  from 
the  external  and  opposino;  force. 

AVhcn  the  first  of  these  conditions  of  irreversibility  only  is  present, 
it  is  easy  to  show  by  the  foregoing  methods  that,  other  things  being 
equal,  a  reversible  engine  is  always  more  efficient  than  an  irreversible 
one ;  but  when  the  latter  condition  is  present  these  methods  are  no  longer 
applicable,  for  there  is  then  either  friction  among  the  particles  of  the 
working  substance  or  sensible  motion,  either  of  which  will  produce 
heat,  but  the  influence  of  which  on  the  efficiency  it  is  not  easy  to 
ascertain  without  recourse  to  analytical  methods.  Before  employing 
these,  however,  M^e  will  say  that  generally  in  an  irreversible  engine  the 
external  opposing  force  is  less  during  expansion  and  greater  during 
compression  than  the  expansive  force  of  the  working  substance ;  the 
external  work  performed  in  an  irreversible  engine,  for  a  given  quantity 
of  heat  expended,  will  therefore  be  less  than  if  these  opposing  forces 
were  equal  as  in  the  reversible  engine. 

The  formidse  which  are  to  aid  us  in  demonstrating  the  present  and 
following  propositions,  are  those  which  are  now  well  established  as  the 
analytical  expressions  of  the  two  fundamental  laws  of  the  mechanical 
theory  of  heat  when  ap})lied  to  cyclical  processes.     They  are : 
I.    W=JIQ  '  11.    fclQ^  ^ 

Where 

W  =  work  done  during  a  cycle 
-\-Q  =  heat  received  by  working  fluid 
—  Q  =  heat  abstracted  from  working  fluid 
-{-dQ  =  increment  of  heat  at  absolute  temperature  T 
— clQ  =  decrement  of  heat  at  absolute  temperature  T 
In  expression  II.  the  sign  of  inequality  belongs  to  irreversible  cycles, 
and  that  of  equality  to  reversible  ones ;  the  integral  sign  extends  over 
all  those  portions  of  the  cyclical  process  at  which  heat  is  received  or 
abstracted  by  the  working  fluid.     Then,  if  as  before  we  let 
Qi  =  heat  permanently  expended. 
q  =  heat  received  and  restored. 
Qq  =  heat  permanently  discharged. 
T„  To  =  absolute  temperatures  corresjwnding  to  Q^  and  Q^ 
Ti,  T(,  =  absolute  temperatures  of  q  when  respectively  received 
and  restored. 
Expressions  I.  and  II.  will  then  become : 
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\V=.J{  V,  +  7  -  -  <y  -     V,.)  =  ./  [Q,  -   V„)  L> 

riL^  ,   r_^/      f-^      f-^"^  '^0   II  • 

Puliation  J,"  shows  us  that  for  a  ^ivcn  quantity  (^,  of  heat  expended 
H'will  hca  niaxinium  wlicu  ^/,is  a  iiiiniinuiu.  From  forinuhi  II.'  wcoan 
(letorniinc  one  of  the  contlitions  which  will  make  ^/,  a  minimum,  for» 
transposing,  we  have 

This  o(|uati()n  shows  us  that  otlier  things  being  equal,  ^^^,  will  be 
least  (and  consecjuently  the  efiieieney  greatest)  when  the  sign  of  e<pial- 
ity  is  ('m|)loyed,  i.<\,  when  the  process  is  a  reversible  one,  which  was  to 
be  proved. 

Proposition  D. —  Tlic  ituixinunn  v^cieiwy  of  any  Iwat  (iKjine  is  rcpre- 
Hcntcd  1)1/  f/if  proper  fraction 

Tr 

7\  and  1\  being  rcapedivcly  the  higJtest  ((nd  /oirest  ((hsolute  teniperature« 
attainable  by  the  workivf/  Jfuid  in  the  engine. 

It  wa.s  established  in  corollary  1  that  when  7  =  0  and  (^,  Q^^  are 
resjKK*tively  received  and  discharged  at  the  highest  and  lowest  attain- 
able tem])ei'atures,  the  efficiency  of  the  engine  would  be  a  maximum. 
From  condlarv  2  we  have  that  when  r,  =  r^  and  ^^,,  (^„,  are 
respectively  received  and  discharged  at  the  highest  and  l«»west  attainable 
tem I teratn res,  the  efficiency  of  the  engine  is  also  a  maxinuim.  Intro- 
ducing either  of  these  sets  of  conditions  of  maximum  cfTiciency  into 
K(piation  II.  we  get 

substituting  for    ^/,  in  E(piation    I.  its   value  obtained   from  Fcpiationi 
II.",  and  reducing  we  get 

W    ^     'I\—l\  III. 

JQ,  r. 

Where eciuals  the    maximum   efliciencv  of    anv   kind   of    heat 

engine,  and    jT,,   T^  equal  the  highest  and  lowest  absolute  tempera- 
tures attainable  by  the  working  fluid  in  the  engine.      (^.  K.  D.  . 

(To  be  continued.) 


Mar.,  1879.]  Ishencood — Boilers  Experiments.  161 

BOILER  EXPERIMENTS. 


An  account  of  some  experiments  made  in  1873,  at  the  Washington  Xmy  Yard,  on  the  8  feet 
diameter  cylindrical  boiler  used  uith  compound  engines  in  several  steamers  of  the  United 
States  Xavy. 


Bv  Cliief  Engineer  Isherwood,  U.  S.  Na\y, 


As  it  is  nece&saiy  in  war  steamers  that  the  entire  machinery  be  placed 
below  their  water  line,  the  height  of  their  boilers  in  small  vessels  is, 
consequently,  greatly  restricted,  and,  in  many  such  vessels  of  the  United 
States  Xavy,  8  feet  were  all  that  could  be  obtained.  When  the  boilers 
were  to  furnish  high  pressure  steam  for  a  compound  engine,  their  shells 
had  to  be  cylindrical  and  of  tliis  diameter,  and  it  was  difficult  in  so 
small  a  circle  to  obtain  a  satisfactory  arrangement  of  the  furnace  and 
tubes.  The  plan  of  boiler  finally  adopted,  is  the  one  shown  in  the 
sketch  accompanying  this  paper,  and  three  experiments  were  made  with 
it  at  the  Washington  Xav\'  Yard  by  Chief  Engineers  Loring  and 
Baker,  of  the  United  States  Navy,  to  determine  the  eifect  upon  its 
absolute  and  economic  vaporizations  produced  by  the  two  modifications 
of  the  tube  surface  and  calorimeter  hereinafter  described.  These  exper- 
iments are  the  only  ones  ever  made  on  the  eva])orative  efficiency  of 
boilers  of  this  ty^pe  with  the  given  proportions,  and  as  several  steamers 
of  the  United  States  Na\y  are  fitted  with  them,  it  is  of  interest,  in 
view  of  a  comparison  of  the  cost  of  the  horse-power  developed  by  their 
engines  in  pounds  of  coal  consumed  per  hour,  to  know  the  weight  of 
water  vaporized  per  pound  of  coal. 

An  imj)ortant  practical  evil  of  l>oilers  of  this  small  diameter  at  once 
developed  when  they  were  put  in  use,  namely  an  incorrigible  tendency 
to  "  prime"  or  "  foam,"  which  required  the  throttle  valve  to  be  nearly 
always  carried  very  much  closed ;  and,  when  only  a  portion  of  the 
boilers  of  a  vessel  were  employed,  the  smaller  that  portion,  the  closer 
had  the  throttle  to  be  closed.  A  very  high  pre&sure  was  thus  required 
in  the  boiler  to  furnish  a  ver}^  moderate  one  in  the  cylinder,  involving 
all  the  undoubted  disadvantages  of  high  pressure  steam,  while  none  of 
its  presumed  advantages  could  be  obtained.  The  excessive  strain  on 
the  boiler  and  the  excessive  temperature  in  the  fire-room,  produced  by 
the  high  pressure  steam,  were  fully  realized ;  but  neither  the  supposed 
Whole  No.  Vol.  CVII. — (Third  Series,  Vol.  Ixxvii,  12 
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benefit  of  u  large  measure  of  expansion  for  tliis  very  high  ])re.ssure 
eould  he  iiad,  nor  the  unquestionable  benefit  of  a  relatively  small  baek 
pressure  against  the  piston,  due  to  a  high  average  total  ]>ressure  upon 
it  (luring  its  stroke. 

The  tul)es  were  secured  in  the  tube-plates  by  means  of  screw  ferrules 
of  bra.ss  1^  inches  long,  on  the  outer  circuniferenee  of  which  a  thread 
w;is  cut  fitting  into  a  corresponding  thread  cut  on  the  inner  circumfer- 
ence of  the  tube.  The  ferrule  at  the  back  end  of  the  tube  had  a 
shoulder  which  fitted  against  the  outside  of  the  tube-plate,  the  end  of 
the  tube  fitting  against  the  inside  and  forming  a  shoulder  there,  so  that 
when  the  ferrule  wai>  turned  by  means  of  a  wrench  on  the  outside,  the 
shoulders  of  the  ferrule  and  of  the  tube  were  compres.'^ed  against  the 
tube-plate.  The  ferrule  at  the  front  end  of  the  tube,  for  the  thickness 
of  the  tube-plate,  had  a  diameter  greater  than  the  outside  diameter  of 
the  tube,  and  on  the  circumference  of  this  greater  diameter  a  thread 
was  cut  fitting  into  a  corres]K)nding  threiid  (!ut  in  the  tube-plate :  by 
meiuis  of  these  threads  the  ferrule  was  screwed  into  the  tul)e-]>late, 
while  simultaneously  it  wjls  screwed  into  the  tube  by  means  of  the 
threads  previously  described  cut  on  the  inner  circumi'crence  (»f  the  tube 
and  on  the  outer  circumference  of  the  ferrule  where  its  diameter  wius 
least.  By  unscrewing  the  ferrules  at  both  ends  of  a  tube,  the  latter 
could  be  drawn  out  without  injury  for  examination  or  cleaning;  or  for 
<*onvenience  in  examining,  cleaning  or  repairing  the  inside  of  the  boiler 
shell.  This  was  the  pur])ose  of  the  design  which,  however,  signally 
failed  in  the  application,  as  after  a  short  subjection  to  the  high  temper- 
ature of  the  ga.ses  of  combustion,  the  fittings  were  so  warped  and  alterwl 
that  the  s<;rews  became  inopcnitive,  and  the  removal  of  the  tul)es 
involved  the  destruction  of  both  them  and  the  ferrules.  This  very 
expensive,  u.'^eless  and  i/yipractical  method  of  secuiring  the  tubes  in 
their  ])lates,  was  originally  a  French  invention  and  had  iu'cn  tried  in 
the  boilers  of  several  French  steamers,  but  its  use  had  long  been  dis- 
continued before  its  application  to  the  boilers  of  any  United  States 
Naval  steamer. 

As  regards  the  experiments,  it  is  regrettable  that  they  were  not  con- 
tinued for  a  longer  time  than  twelve  hours  each,  which  is  far  shorter 
than  desirable  for  reliable  results,  although,  in  their  ca.ses,  great  accu- 
racy of  oi)servation  was  depended  on  to  obviate  this  objecition.  That 
the  boiler  was  not  protected  with  (he  usual  non-conducting  covering,  is 
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:also  to  be  regretted,  though  tlie  writer  lias  been  able  to  satisfactorily 
:supply  the  deficiency  from  other  data. 

The  original  notes  of  these  experiments  were  furnished  by  Chief 
Engineer  Baker  to  the  writer,  who  has  made  the  necessary  calculations 
from  them,  and  arranged  both  data  and  results  in  a  tabular  form,  pre- 
facing the  table  with  a  description  of  the  boiler  and  of  the  manner  of 
making  the  experiments,  and  following  it  with  some  remarks. 

BOILEE. 


The  boiler  is  of  the  horizontal  fire-tube  type  with  nearly  all  the  tubes 
returned  by  the  sides  of  the  furnace.  It  is  a  duplicate  of  many  in  use 
with  compound  engines  on  board  of  U.  8.  Naval  steamers  of  a  small 
size. 

Fig.  1. 


-5.4r 
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The  shell  of  the  boiler  is 
a  cylinder  of  8  feet  diameter 
and  8  feet  1  inch  length,  with 
flat  ends.  The  back  end  is 
flush  with  the  end  ofthe  shell, 
but  the  front  end  is  recessed 
4|inches  within  the  shell.  The 
entire  shell  is  constructed  of 
^ths  inch  thick  plate  iron,  with 
the  joints  butted,  single  welted, 
and  double  riveted.  The  front 
•end  serves  for  the  front  tube- 
plate. 

The  shell  contains  a  single 
•cylindrical  furnace  of  54  in- 
ches inner  diameter  and  6  feet 
8J  inches  extreme  length.  It  contains  a  grate  4  feet  6  inches  wide 
and  5  feet  4  inches  long.  The  grate-bars  are  of  the  ordinary  pattern, 
and  are  cast  in  two  equal  lengths.  The  grate  surface,  at  the  front, 
coincides  with  the  horizontal  diameter  of  the  furnace,  sloping  down- 
wards 4  inches  at  the  back.  The  bridge-wall  is  of  cast  iron,  faced 
with  fire-brick  4|  inches  thick  on  the  9  inches  it  rises  above  the  back 
of  the  grate.  The  botti^n  of  the  ash-pit  is  4J  inches  above  the  bottom 
of  the  shell.  The  furnace  is  constructed  of  J  inch  thick  iron  in  three 
equal  lengths,  and  has,  at  each  end  of  the  middle  length,  a  stiffening 


Longitudinal  vertical  section  through  axis  of 
shell,  exclusive  of  uptake. 
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ring  inserted  of  iron  2|  inches  deep,  ^  incli  thick,  and  5  feet  outside- 
diameter. 

Tlie  furnace  has  two  doors  placed  side  bv  side ;  each  door-o})ening 
is  semi-circular  on  top,  20  inches  wide  and  16  inches  high.  Each  door 
is  perforated  with  eleven  holes  of  If  inches  diameter  for  the  admission: 
of  air ;  and  the  lining  ])late  is  perforated  Mith  as  many  \  inch  diam- 
eter holes  as  it  will  contain,  for  the  distribution  of  this  air  above  the 
incandescent  coal. 

The  front  of  the  furnace  is  of  cast  iron  with  a  double  shell ;  the 
outer  shell  is  pierced  with  seventeen  holes  of  1|  inches  diameter  for 
the  admission  of  air;  and  the  inner  shell  is  pierce<l  with  as  many 
\  inch  diameter  holes  as  it  will  contain,  for  the  distribution  of  this  air 
above  the  incandescent  coal. 

The  back  smoke  connection  is  11  inches  wide  in  the  clear  lengthwise 
the  boiler :  it  is  flat  on  top,  with  its  sides  and  bottom  concentric  with 


Fig  2. 


Fig  3. 


Half  elevation,  with 
uptake  and  outer  plate  of 
furnace  front  removed. 


Half  croiss  section 
on  .1  B,  Fig.  1. 


Front  devotion,  exclusive  of 
uptake. 


the  cylindrical  shell  of  the  boiler  from  which  they  are  separated  by  a 
water-space  4|  inches  wide  including  thicknesses  of  metal.  The  sides 
and  bottom  are,  conseiiuently,  a  segment  of  a  circle  7  feet  3  inches  in 
diameter.  The  extreme  height  of  the  connection  in  the  clear  is  5  feet 
3  inches.  The  back  of  the  connection  is  flat  and  j)arallel  to  the  end 
of  the  boiler  shell  from  which  it  is  separated  by  a  water-space  5J  inches 
wide  includiu'z;  thicknesses  of  metid.     The  connection  is  staved  to  the 
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boiler  shell  by  socket  bolts  of  one  inch  diameter  spaced  every  6  inches. 
Tlie  whole  of  the  connection  is  of  plate  iron  |ths  of  an  inch  thick. 

The  tnbes,  with  the  exception  of  those  of  the  upper  row,  twenty-one 
in  number,  are  divided  into  two  equal  and  symmetrical  groups,  one  of 
which  is  returned  on  each  side  of  the  furnace  from  the  back  smoke 
■connection  to  the  uptake,  completely  filling  the  spandrels  between  the 
furnace  and  the  boiler  shell.  Of  these  tubes,  sixteen  (eight  on  each 
end)  lie  below  the  level  of  the  top  of  the  bridge-wall,  and  six  (three 
•on  each  side)  lie  just  at  the  level  of  that  top.  The  upper  row  of  tubes 
lie  unbroken  above  the  furnace. 

The  tubes  are  of  brass  and  seamless,  and  are  secured  to  their  plates 
by  screw  ferrules  of  2  inches  iiLside  diameter.  Each  tube  is  2|  inches 
2*3  inches  in  inside  diameter,  in  outside  diameter  and  6  feet  4  inches 
in  extreme  length  to  outside  of  tube-plates.  They  are  one  hundred 
and  nineteen  in  number.  The  object  of  the  screw  ferrules  was  to 
allow  the  tubes  to  be  removed  for  cleaning  without  injuiy,  and  to  be 
replaced  quickly.  The  distance  between  the  axes  of  tlie  tubes,  hori- 
zontally, is  3 J  inches;  and,  vertically,  3' 2  inches. 

Above  the  tubes,  the  flat  ends  of  the  boiler  shell  are  stayed  together 
by  eighteen  rods  of  1^  inches  in  diameter :  these  rods  pass  through  the 
flat  ends,  to  which  'they  are  secured  by  collars  on  the  inside  and  nuts 
on  the  outside.     The  rods  average  8^  inches  from  centre  to  centre. 

The  uptake  is  a  separate  construction  of  sheet  iron  placed  against  the 
front  end  of  the  boiler,  which  is  nearly  covered  by  it,  with  the  excep- 
tion of  the  front  of  the  furnace  and  ashpit.  It  lias  the  usual  doors, 
hinged  at  top  and  giving  access  to  the  tubes  for  swee})ing,  etc.  The 
chimney  rises  from  the  toj)  of  the  uptake. 

During  the  experiments,  the  boiler  had  no  covering  of  any  kind. 

The  following  are  the  jirincipal  dimensions  and  proportions  of  the 
boiler : 

Diameter  of  the  shell,  .  .  .  .     8  ft. 

Extreme  length  of  the  shell,  .  .  .  8  ft.  1  in. 

Number  of  furnaces,    .  .  .  .  .1. 

Width  of  the  grate,  .  .  .  .  4  ft.  6  in. 

Length  of  the  grate,  .  .  .  .5  ft.  4  in. 

Grate  surface,         .  .  .  .  .24  sq.  ft. 

Number  of  tubes,         .  .  .  .  119. 

Outside  diameter  of  tubes,  .  .  .  2*5  in. 

Inside  diameter  of  tul)es,  ....     2*3  in. 
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laside  diameter  of  ferrules  for  tubes,  .  .  2'0  in. 

Length  of  tubes  in  the  clear  between  the  tube  plates,        6  ft.  2|  in. 
Height  of  the  chimney  above  the  grate  surface,      .  of)  ft.  6  in. 

Diameter  of  the  chimney  cimnection,   .  .  .     2  ft.  1|  in. 

Cross  area  alM)ve  the  bridge-wall  for  draught,  .  6'0945  sq.  ft. 

Cross  area  through  the  tubes  for  (h'aught,  .     3-4334  sq.  ft.- 

(Jross    area    through    the    ferrules    of    the    tubes    for 

draught,  .  .  .  •  •      2-59G2  st^.  ft.. 

Cross  area  of  the  chimney  connection,         .  .  3*5465  sq.  ft.. 

Hejiting  surface  in  the  furnace,  .  .  .  48*6  sq.  It. 

Heating  surface  in  the  back  smoke  connection,        .  64*0  scj.  ft. 

Hejiting  surface  in  the  tul)es,  calculated  for  their  inner 

circumference,  .  .  .  •        446*4  s(j.  tt. 

Heating  surface  in  the  u[)take,  .  .  •   14*0  sq.  It. 

Total  heating  surface  in  the  boiler,  .  .        573*0  sq.  ft. 

Square  feet  of  heating  surface  per  square  foot  of  grate 

.surface,       .  .  .  .  •  23*875 

Square  feet  of  grate  surfa(X»  per  square  foot  of  cross  area 

above  the  bridge-wall,  .  .  .  3*938 

Square  feet  of  grate  surface   per  square   foot  of  cro.ss 

area  through  the  tubes,        .  .  6*990 

Square  feet  of  grate  surface  i)er  square  foot  of  cross 

area  tlirough  the  ferrules,    .  .  9*244 

Square   feet  of  grate  surface   per  .square   ibot  of  cross 

area  of  chimney  connection,  .  .  6*767 

Water  room  in  boiler  to  6  inches  above  top  of  tubes,     100  c-ub.  ft. 
Steam   room   in   bailer  above   6   inches  above   top   of 

tubes,  .  .  .  .  .75  cui).  ft. 

Weight  of   i)oiler,  exclusive  of   grate-bars  and  chim- 

iu>y  .....    22100  ])ounds. 

Weight  of  grate  bars,  .  .  .  1210  pounds. 

Weight  of  water  in  boiltM*,  .  .  •      6233  pounds. 

^rANXKKOF  MaKINC;  TIIK   Kxi'KUIMKXTS. 

The  expiiMincnts  were  made  in  the  following  manner: 
A  clean  anthracite  fire  of  9  inches  tliickness  having  been  brought  to- 
steady  action,  with  the  steam   blowing  freely  from  the   boiler  escape- 
pipe — the  safety-valve  having  been  i)reviously  removed  from  its  seat 
— the  water-level  in  the  boiler  was   adjusted    to  (>  indies  :ibove  the  toj» 
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of  the  tu))es,  and  tlie  experiment  held  to  conimenee.  Each  experiment 
continued  exactly  12  hours,  at  which  time  the  fire  was  thoroughly 
cleaned  and  made  of  the  same  thickness  as  at  the  commencement,  with 
the  Avater-level  at  the  same  mark. 

During  the  continuance  of  each  experiment,  a  tabular  record  or  log 
was  kept,  in  which  was  noted,  at  the  end  of  each  hour,  the  height  of 
the  barometer,  the  temperature  of  the  air  in  the  boiler-room,  of  the 
feed-water  in  the  tank,  and  of  the  gases  of  combustion  in  the  uptake, 
the  latter  being  given  by  a  metallic  pyrometer.  All  the  anthracite 
thrown  into  the  furnace  was  carefully  weighed,  and  all  the  refuse  of 
ash,  clinker  and  soot  was  likewise  ^veighed  on  the  same  scales.  After 
the  completion  of  an  experiment,  the  tubes  were  swept  together  with 
the  other  fire  surfaces,  so  that  each  experiment  was  begun  with  a  clean 
boiler.  The  boiler  being  entirely  new,  its  water  surfaces  were  quite 
clean.  The  water  fed  into  the  boiler  was  first  accurately  measured  in 
tiink.  The  steam  pressure  in.  the  boiler  was  found  to  be  slightly  in 
excess  of  the  atmospheric  pressure.  All  the  experiments  were  made 
by  the  same  [)ersonnel  and  in  the  same  manner ;  the  anthracite  being 
burned  at  the  maximum  rate  of  combustion  which  could  be  obtained 
without  forcing  the  fire. 

The  boiler  was  without  any  non-heat-conducting  covering  whatever, 
and  was  situated  in  the  still  air  of  the  boiler-house  of  the  Steam  Engi- 
neering department  of  the  Washington  Navy  Yard.  Every  precaution 
was  taken  to  insure  accuracy  in  the  results,  and,  also,  that  those  from 
the  different  experiments  might  be  fairly  comparable.  These  results, 
and  the  data  from  which  they  were  calculated,  will  be  found  in  the 
following  table. 

The  experiments  were  three  in  number.  During  the  first,  made  on 
the  24th  of  May,  1873,  all  the  tubes  were  in  use.  During  the  second, 
made  on  the  21st  of  May,  1873,  the  lower  twenty-one  tubes — ten  on 
one  side  of  the  furnace  and  eleven  on  the  other — were  tightly  plugged 
at  both  ends,  so  as  to  prevent  the  passage  through  them  of  any  of  the 
hot  gases  of  combustion,  thereby  reducing  the;  heating  surface  13'75 
per  centum,  or  from  a  proportion  of  23*8750  sipiare  feet  to  l-()0()0  of 
grate  surface,  to  the  ju'oportion  of  20'o920  to  I'OUOO;  the  calorimeter 
through  the  tubes  being  thereby  reduced  r7'65  per  centum,  or  from  a 
proi)ortion  of  I'OOOO  square  foot  to  every  9'2443  square  feet  of  grate 
surface,  to  the  proportion  of  1-0000  to  11'2255.  During  the  third 
experiment,  made  on  the  23d  of  May,  1873,  exactly  the  same  reduc- 
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tious  of  heating;  surface  and  of  Ciilorimeter  were  made  as  in  the  second 
experiment,  but,  in  this  ctuse,  they  were  cUected  by  phigging  tightly 
at  both  ends  the  twenty-one  tubes  composing  the  upper  row — tlie  i>higs 
used  in  the  second  experiment  having,  of  course,  been  removed  from 
the  twenty -one  lower  tube^.  The  absolute  areas  and  proportions  of 
the  grate  surface,  heating  surface,  and  calorimeter  through  the  tubes, 
in  both  the  second  and  third  experiments,  were  precisely  the  same,  the 
only  diiicrence  being  that  the  reductions  in  these  particulars  from  the 
quantities  in  the  first  experiment,  were  made  in  the  second  experiment 
in  tubes  li/ing  below  the  top  of  the  bridge-wall,  and  in  the  third 
experiment  in  tubes  lying  above  the  top  of  the  bridge-wall. 

The  first  and  second  experiments,  therefore,  permit  the  determina- 
tion of  the  effect  produced  on  the  absolute  and  economic  vaporizations 
of  the  boiler,  l)y  the  simultaneous  reduction  of  its  heating  surface  and 
of  its  calorimeter  through  the  tubes,  its  grate  surface  remaining 
constant,  and  all  its  heating  surface  Ivlng  above  the  top  of  its  bridge- 
wall. 

In  the  third  experiment,  15*l)-4  per  centum  of  the  heating  surface, 
and  21*43  per  centum  of  the  calorimeter  through  the  tubes,  lay  belov; 
the  top  of  the  bridge-wall,  therefore,  experiments  second  and  third 
})ermit  the  determination  of  the  effect  produced  on  the  absolute  and 
economic  vaporizations  of  the  boiler  by  this  distril)ution  ;  the  grate 
surface,  heating  surface,  and  calorimeters  through  the  tubes  being 
exactly  the  same  in  both  experiments,  the  onlv  ditference  being  in  the 
arrangement  of  the  heating  surface  and  calorimeter  through  the  tubes 
relatively  to  the  top  of  the  bridge-wall.  In  the  second  experiment, 
all  the  calorimeter  through  the  tubes  was  above  that  to]) ;  while,  in 
the  third  exj)eriment,  only  78'57  j)er  centum  of  the  calorimeter  was 
above  that  top.  The  grate  surface  and  the  calorimeter  above  the 
bridge-wall  remained  constant  throughout,  and  the  latter  was  so  much 
larger  than  the  calorimeter  through  the  tubes  that  it  exercised  no  influ- 
ence on  the  results. 

As  the  boiler,  during  all  the  experiments,  had  no  covering  to  dimi- 
nish the  loss  of  hciit  by  radiation  from  the  i-xtcrnal  surfaces;  and  as 
boilers  on  which  exju'rinieiits  are  made,  almost  always  have  very 
etlicient  coverings  for  that  purpose;  it  became  necessary',  in  order  that 
the  results  from  this  boiler  may  be  e(»niparai)le  with  those  from  other 
boilers,  to  ascertain  the  vapoi'izative  value  of  the  difference  of  the  h<>at 
radiated   in  still   air  iVoui    the   naked    boiler  and  from  the  ^ixww  boiler 
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under  the  same  conditions  when  covered  with  the  usual  protector  of 
liair  felt  1^  inches  thick.  This  has  been  effected  by  means  of  the  con- 
stants in  a  table  censtructed  from  experiments  made  for  this  object  by 
the  writer,  and  published  on  page  161  of  the  March  number  of  the 
Journal  for  1878.  In  that  table,  the  number  of  Fahrenheit  units 
of  heat  lost  per  hour  per  sqnare  foot  of  boiler  plate  per  degree  Fahren- 
heit diiference  of  temperature  between  that  of  the  steam  upon  one  side 
of  the  metal,  and  that  of  the  still  air  upon  the  opposite  side,  is 
2-9330672  when  the  metal  is  naked,  and  0'2507097  when  the  metal  is 
i-overed  with  1|  inches  thickness  of  hair  felt.  The  diiference, 
2"6823575  Fahrenheit  units  of  heat,  has  been  assumed,  in  the  case  of 
til  is  boiler,  to  have  been  lost  per  hour  per  square  foot  of  the  204  square 
feet  of  its  exposed  external  surface,  per  degree  Fahrenheit  of  diiference 
of  temperature  between  the  temperature  of  the  steam  inside  and  that 
of  the  still  air  in  the  fire-room  outside  of  the  boiler.  From  these  data 
and  the  latent  heat  of  the  steam,  the  vaporizations  in  the  table  due  to 
the  loss  of  heat  by  external  radiation,  have  been  calculated ;  and  these 
vaporizations  have  been  added  to  those  given  by  the  direct  tank  meas- 
urement, in  order  to  obtain  the  normal  vaporizations.  As  the  experi- 
mental boiler  was  in  the  same  room  with  other  and  much  larger  boilers 
in  use,  the  temperature  of  the  air  in  that  room  has  been  taken  as  the 
proper  temperature  for  the  calculation,  instead  of  the  temperature  of 
the  external  air. 

Results. 

If  the  atmospheric  conditions  governing  the  force  of  the  draught, 

could  be  considered  constant  during  the  experiments,  then  the  rate  of 

combustion  of  the  gasifiable  portion  of  the  anthracite  Avas  reduced, 

/4148— 3625X100      \ 
comparing  experiments  first  and  second  I jTio ^^  )  12*61 

per  centum  for  a  reduction  of  21*43  per  centum  in  the  calorimeter 
through  the  tubes ;  that  is  to  say,  for  a  reduction  from  the  proportion 
of  1*0000  square  foot  of  calorimeter  to  9*2443  square  feet  of  grate,  to 
the  proportion  of  1*0000  to  11*2255  :  all  of  the  calorimeter  in  both 
ttises  being  aboye  the  top  of  the  l)ri(lge  wall.  Under  these  circum- 
.stances.  the  al)solute  vaporization  was  reduced 

/36744*067— 31919*145X100     \ 

V  36744<)67 =)    ^"^'^  ^'''  ^^"*"'"' 

the  economic  vaporization  remaining  sensibly  unaffected  notwithstand- 
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ittir  the  rcdiiction  of  l-'i'To  per  centiini  in  the  lieating;  surfUee.  But 
had  the  al)S(>hite  vaporizations  been  made  the  .><aine  in  l)othexi)eriinent><, 
l)v  a  j)roper  reduetion  in  the  rate  of  eonihu.<tion  (hirino-  tlie  first  exper- 
iment, the  economie  vaporization  wouhl  certainly  have  been  at  least 
()  or  7  per  centum  t)etter  in  that  experiment  with  all  the  tubes  in  u.se, 
than  in  the  .-;eeond  experiment  with  a  considerable  portion  of  them 
Ijlugtred. 

In    the    third    experiment,    the   rate  of    combu.stion    was   sensibly 
the   .<ame    as    in    the    .second    experiment,  but  the    absolute   and  the 
economic  vaporizations  were  less.     The  first  fell  off 
/31919-145— 3010;V678  X  100_\ 
y  3T9TJU45  ~)  '^"'^^  P'''  ^'^-"fnin. 

and  the  la.st,  correspondingly, 

/10-202— 9-680  X  100     \ 

[ 1(>202 ^)  ^^'^-  1*^'*'  ^•^'"^^'"•• 

ff  the  absolute  vaporization  in  the  third  exj)eriment  had,  by  means  of 
a  higher  rate  of  combastion,  been  made  equal  to  the  absolute  vapori- 
zation in  the  .second  experiment,  then  this  difference  of  5"r2  per 
centum  in  the  economic  vaporization  woidd  have  been  considerably 
increased. 

With  regard  t<>  the  temperature  of  the  gases  of  combustion  in  the 
uptake  during  the  different  ex])eriments,  and  comparing  the  first  and 
se(H)nd  exj)eriments,  there  is  a  ditference  of  (.S()7'")-  81 4*2=:)  ij'V'i 
degrees  Fahrenheit  in  that  temperature.  The  late  of  combustion  in 
the  second  experiment  was  12*G1  |)er  eentiun  less  than  in  the  first,  but 
the  heating  surface  was  lo*7o  per  centum  less  also.  Comparing,  now, 
that  temperature  in  the  .-second  and  third  exi)eriment.><,  in  which  the 
heating  surface  and  the  calorimeter  were  exactly  the  same,  and  the  rate 
of  (rombu.stion  almost  exactly  the  .same,  the  temperature  of  the  gases 
of  combustion  in  the  uptake  was  (814*2 — 785'0  =)  29'2  degrees 
I'^ahrenheit  less  in  the  third  than  in  the  second  exj)eriment,  although 
15'94  per  centum  of  the  heating  siu'facein  the  former  was  less  efficient 
than  in  the  latter,  owing  to  its  |)osition  Ih'Iow  the  toj)  <»f  the  gratei)ars. 
Th(i  etl'ect  <if  lessening  the  e:iIoi"imeter  is  ti>  lessen  the  airsupply  pro])or- 
tionally  to  weight  of  com)  consumed,  and  it  may  easily  be  le.s><ened  to 
an  extent  that  will  materially  atl'eet  the  completene-;s(»f  the  combustion. 
\ow,  as  the  i|Uantit\-  of"  heat  from  a  given  weight  of  coal  and,  con.se- 
(|nently.  the  tem|)eratnre  of  th<»  ga.-^es  of  combustion  produced,  are 
are  le<.<ened  in  proj)ortion  to  the  incompleteness  of  the  c(tmbu.stion,  too 
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Nuiiil)erof  s(|nare  feetof  }frate  surface  per  si|iiari'  fiidt  of  cross  area  tliioiiyli  llic  f(  rniles. 

Duration  of  experiment,  in  consecutiYe  liours,  .  .  .  .  . 

Xunilierof  culil<-  feet  of  \v:itcr  vaporized  accordiiif;  In  taiil<   iiicasureiiuiit, 
Xunilier  of  piaiinis  i>f  water  vapmizcil  accdnliiiLr  Ici  lank   iiieasuri'iiiciil, 
Nnnilierof  pouiiilsof  water  that  would  liavi'  lieeu  vaporized  liad  tlie  diHereiice  lii'lwccM  I 
the  (pianlitii's  of  lieal    radiated  from   tlie  lioiler  when   naUeil  and  when  clad  with 
1.]  inches  thick  felt  heen  so  ulili/cd,  .  .  .  .J 

Total  numlicr  of  cuiiic  feet  of  water  vaporized  in  the  felt-chiil  hoihr, 
Total  nuiiiher  of  pounds  of  walcr  vaporized  in  the  fi'lt-clad  lioiler, 

Total  nnmlver  of  pounds  of  anthracite  consuiued,      .  .  .  .  . 

Total  numlier  of  pounds  of  refuse  from  the  anthracite  in  ash,  clinker  and  soot. 
Total  numherof  iioundsof  comhustihleorKasilialilc  portion  of  the  anthracite  ccuisumcil. 
Per  centum  of  the  anthracite  in  refuse  of  ash,  iliiikcr  and  soot, 

1  Pounds  of  anthracite  consumed  ]>er  hour,  ..... 

Pounds  of  comhuslilile  consumed  per  hour,  .  .  .  .  ■ 

I  Pounds  of  anthracite  consmoed  per  hour  per  sijuare  foot  of  ;;rate  surface, 
Pounds  of  condiuslilile  i-onsunicd  per  hour  per  sijuare  fool  of  jrrote  surface, 
I'ounds  of  anthrai-ite  consimied  per  hour  per  square  foot  of  heating  surface, 

I  I'ounils  of  comliustihie  consumed  per  hour  per  scniarc  foot  of  hcaliufr  surface, 
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PRESSURES. 


TEMPEK- 
ATll{ES. 


VAPOIt- 
IZATIOX. 


I  Heifrht  of  the  harometer  in  inches  of  mercury,  correcteil  for  Icniiii'rtdnrc, 
I  Steam  pres.sure  in  lioiler  in  p<iunds  pers(|Uare  inch  aliovc  zero, 

j  Temperature  in  decrees  Kahrenheit  of  the  air  in  the  lioilcr-i ii, 

'  Temiieralure  in  decrees  Kahrenheit  of  the  feed-water, 

I  Tcmjierature  in  dejjrees  Kahrenheit  of  the  jiasis  of  conilnislloii  in  the  lioilei-uplake, 

Total  numlier  of  pounds  of  walei-  that  would  h:ive  liei'ii  vaporized  in  lhefeltc<l  holler  | 
had   the  ti-mper;durc  of  the  feiMl-waler  liccii    KiM  decrees   Kahrenheit,  and   had  it 
hceii  vajiorizccl  under  the  slaii<lai-d  pressure  of  -JiW-wi  inchi's  of  mercury,  .        I 

Total  numlier  rif  pounds  of  water  I  hat  would  have  lieen  vaporized  in  the  feltiMl  holler  | 
had    the  temperature  ol'  t  he  fe.'d-water  liciii   lil'J  decrees    H'ahreuheit,  and    had    it 
heen  vaporizeil  umlei-  the  slundanl  pnssure  of  ;;i|-|i2  inches  of  mercury.  .         I 

Pouiiils  of  water  vaporized  from  Kill  dcKrecs  Kahrenheit  liv  one  pound  of  anlhraeit<',  . 
Pounds  of  water  vaporized  from  10(1  decrees  Kahreulicit  liv  one  poumi  of  eomliustilile, 
Pounds  of  water  vaporized  from  212  decrees  Kidirenheil  hv  one  pouud  of  anlhracile,  . 
Pounds  of  water  vaporized  IVoni  2l2deKrees  Kahrenheil  liv  one  pouml  of  comhustilile. 
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small  a  calorimeter  may  simultaneously  cause  both  a  lessened  economic 
vaporization  and  a  lower  temperature  of  the  gases  of  combustion  in 
the  uptake,  although,  generally,  the  latter  would  indicate  a  greater 
economic  va2)orization.  The  calorimeter  through  the  tubes,  which  was 
small  in  the  first  experiment,  being  only  the  9  2^4  4  3  of  the  grate,  was 
reduced  in  the  second  experiment  to  the  ^^.2255  of  the  grate,  and,  if 
only  that  portion  of  the  calorimeter  which  is  above  the  top  of  the 
bridge  wall  is  effective,  it  was  still  further  reduced  in  the  third  exper- 
iment to  the  ^^  •2  85  7  ^^  ^^^  grate.  Each  of  these  reductions  was 
probably  attended  by  a  more  and  more  incomplete  oxidation  of  the 
constituents  of  the  coal,  owing  to  a  more  and  more  insufficient  air 
supply  relatively  to  the  weight  of  coal  consumed.  Thus  the  less  and 
less  temperatures  of  the  gases  of  combustion  in  the  second  and  third 
experiments  may  have  have  been  due  solely  to  their  very  small 
calorimeters. 

These  results  show  that,  with  a  boiler  of  this  type  and  of  the  pro- 
portions in  the  first  experinie:it,  both  the  absolute  and  economic 
vaporizations  are  injuriously  affected  to  a  marked  degree  by  a  reduction 
in  the  heating  surface  of  13' 75  per  centum,  accompanied  by  a  reduction 
of  21 '43  per  centum  in  the  calorimeter  through  the  tubes,  the  propor- 
tion of  the  original  heating  surface  to  the  grate  surface  (23'8750  to 
I'OOOO),  and  of  the  original  calorimeter  through  the  tubes  to  the  grate 
surface  (I'OOOO  to  9*24:43),  being  so  small  that  further  reductions  in 
either  are  attended  by  lessened  results.  Also,  that,  other  things  being^ 
equal,  both  the  absolute  and  economic  vaporizations  are  injuriously 
affected,  and  to  a  marked  degree,  by  placing  any  considerable  portion 
of  the  heating  surface,  and  of  the  calorimeter  through  the  tubes,  below 
the  level  of  the  top  of  the  bridge-wall. 


Snow  Illumination. — During  a  recent  snow-storm,  in  the  early 
afternoon,  an  interesting  experiment  was  tried  in  Paris.  At  the 
moment  when  the  sky  was  darkened  by  snow,  the  electric  lamps  were 
lighted  in  the  square  of  the  Theatre  Franeais.  The  reflection  of  the 
light  from  the  snow-flakes  immediately  dispelled  the  darkness  and 
produced  a  very  pleasing  effect.  It  is  proposed  to  try  a  similar  exper- 
iment in  misty  weather,  and  if  the  light  can  penetrate  even  to  the 
distance  of  20  metres  (65"6  ft.),  Jablochkoft'  lamps  will  be  established 
at  points  where  the  passing  is  most  frequent. — Le.^  3Iondes.  C. 
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GAUGING  AND  MEASURING  IMPLEMENTS.* 


By  J.  Richards. 


It  is  proposed  in  the  following  paper  to  offer  some  remarks  on  gauging 
or  sizing  ini})loments  such  as  are  employed  in  machine  fitting,  and 
in  explanation  of  some  of  the  tools  and  processes  required  in  securing 
|)recisiou  in  such  implements. 

It  will  be  proper  to  explain  at  the  beginning  that  nearly  all  my 
remarks,  outside  of  some  historical  facts,  must  relate  to  experiments  and 
results  obtained  in  Philadelphia. 

It  is,  however,  thought  that  in  dealing  with  this  difficult  branch 
of  manufacture,  no  harm  can  arise  from  some  notice  of  the  pro- 
gress made,  especially  as  the  firm  of  Messrs.  Richards,  Hand  & 
Taylor,  who  have  furnished  the  present  drawings  and  examples,  do  not 
propose  to  deal  so  much  with  the  element  of  mystery  as  has  been 
dune  in  some  other  cases. 

For  some  reasons  it  w<juld  have  been  preferable  to  postpone  any 
public  notice  of  this  manufacture  until  a  later  time,  not  in  respect 
to  implements  or  maciiines  so  much  as  the  qualities  of  different  kinds  of 
material  and  some  of  the  processes  of  manufacture,  which  are  not  suf- 
ficiently determined  to  be  presented  in  a  public  essay.  At  some 
.some  future  time  the  subject  of  material  and  ])roce.sses  may  be  brought 
before  the  Institute,  if  thought  of  sufficient  interest. 

It  is  well  known  to  every  one  connected  with  engineering  manufac- 
tures, that  the  maintenance  of  uniform  or  standard  dimensions  in 
machine  fitting,  is  fa.st  becoming  a  rule  and  almost  a  necessity,  enhanc- 
ing the  value  of  what  is  made,  and  at  the  same  time  cheapening  the 
cost  of  production  by  permitting  a  more  extended  division  of  labor. 

The  division  of  labor  in  machine  fitting,  as  in  nearly  all  branches 
of  indiLstry,  depends  on  what  may  be  called  duplication,  that  is,  pro- 
ducing one  thing  like  another,  so  that  different  workmen  may,  indepen- 
<lcnt  of  each  other,  prepare  parts  or  pieces  which  can  be  assembled 
tuid  put  together  without  trying  and  hand  fitting. 

It  will  not  be  neces.sary  to  follow  this  principle  into  practical  detail 
until  the  machines  and  implements  are  explained  ;  the  matter  is  alluded 

*Pai)er  read  before  the  meeting  of  the  Franklin  Institute,  February  19th,  1879. 
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to  liere  merely  to  call  attention,  at  the  beginning,  to  the  importance  and 
possible  extent  of  the  duplicating  system  in  machine  fitting. 

The  export  of  American-made  machines  to  Europe,  commenced,  we 
may  claim,  because  of  an  early  and  successful  application  of  the 
gauging  system.  One  of  the  first  and  most  important  orders  received 
from  Europe  for  machinery,  was  for  a  nearly  complete  equipment  of 
implements  for  the  Enfield  small-arms  factory,  in  England ;  machines- 
and  tools  the  main  object  of  which  was  a  duplication  of  their  product. 
AYatches,  clocks,  sewing  machines,  small  aruLS,  with  many  other 
articles  of  a  similar  kind,  are  now  made  in  this  country  and  sold  in 
Europe  because  the  system  of  gauging  and  duplicating,  offers  an 
advantage  overbalancing  cheaper  labor,  cheaper  material  and  more 
than  3,000  miles  of  ocean  carriage. 

Referring  now  to  machine  shop  gauges,  it  is  well  known 
that  most  of  our  larger  establishments  have  been  supplied 
with  standard  gauges  imported  from  England,  usually  a 
set  of  pins  and  collars  such  as  are  shown  in  Fig.  1,  and 
corresponding  to  what  is  called  the  Whitworth  standard. 
]\Iost  of  these  gauges  are  made  in  the  works  of  the  AYhit- 
worth  company  at  Manchester,  who  by  long  experience  and 
their  reputation  for  good  work,  have  controlled  this  manu- 
facture. Of  late  years,  however,  some  fine  examples  have 
been  made  in  this  country,  but  at  prices  much  greater  than 
are  demanded  for  English  gauges. 

Pins  and  collars — or  cylindrical  gauges  as  they  are  generally  called — 
were,  so  far  as  we  have  any  record,  first  made  by  the  celebrated  Jc>hn 
G.  Bodmer,  of  Manchester,  a  Swiss  engineer  who  may  be  regarded  as 
the  compeer  of  Sir  Joseph  Whitworth  in  machine  tool  improvement. 
For  thirty  years  or  more  these  pins  and  collars  have  been  made  with 
great  exactness,  the  fitting  surfaces  highly  polished  and  in  every  respect 
a  marvel  of  exactness  and  uniformity. 

Before  entering  upon  a  description  of  the  tools  made  and  machines 
employed  in  the  American  Standard  Gauge  and  Tool  Works  in  Phila- 
delphia, some  history  of  the  origin  of  the  scheme  will  not  be  out  of  place. 

In  1860  the  writer,  while  engaged  as  a  manager  in  the  Ohio  Tool 
Company  Works,  at  Columbus,  Ohio,  feeling  the  want  of  some  means 
of  maintaining  sizes  and  not  having  sufficient  use  for  such  implements 
to  justify  the  purchase  of  a  set  of  pins  and  collars,  conceived  the  idea 
of  introducing  some  cheaper  system,  by  which  fixed  calipers  with  some 
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simple  means  to  keep  them  in  adjustment,  would  take  the  place  of  piiLS 
and  f'ollars. 

The  matter  was  followed  uj)  and  calipers  of  several  kinds  were  made, 
also  a  corrective  gau;>i;e  not  ditferino;  much  from  the  one  shown  in  Fig.  2. 
In  18G7  patents  were  procured  for  an  improved  method  of  makino; 
fixed  calipers  from  steel  plates,  also  for  the  corrective  cone  gauge  or 
tlie  standiird  before  mi^ntioned,  but  circumstances  at  the  time  prevented 
the  manufiicture  of  such  implements  and  nothing  was  done  until  1869, 
when  the  writer  came  to  Pliiladclj)hia  with  a  view  of  seeking  some 
one  to  join  him  in  the  manufacture  of  gauging  implements.  Failing 
in  this,  he  went  to  England,  partly  upon  other  business,  but  mainly  to 
gain  some  information  in  res|>ect  to  the  manufacture  and  use  of  gauges 
in  that  country. 

Fig.  2. 


Investigations  there,  so  far  as  possible  at  the  time,  led  to  the  opinion 
that  a  considerable  amount  of  capifcU  wouhl  be  required,  especially  in 
providing  machinery  for  making  calipers,  and  the  business  was  al)an- 
doned  again  until  1872  when,  in  one  of  the  front  offices  of  the  Fraidvlin 
Institute  building,  drawings  and  specifications  were  prepared  for  nine 
Hpc<'ial  machin(?s  to  be  employed  in  gauge  making.  Among  these 
machines  were  most  of  those?  now  in  use  at  the  works,  Twenty-second 
and  Wo(k1  8ts.,  in  this  city. 

A  year  later,  the  other  front  office  on  the  north  side,  formerly  occu- 
pied by  Mr.  Geyelin,  was  rented  for  the  gauge  business,  I'rofcssor 
Morton,  then  Secretary  of  the  Fratiklin  Institute,  proposing,  if  prac- 
ticable, to  fit  up  a  portion  of  the  ba.sement  of  the  building  as  a 
W(jrkshop. 

In  1873,  Just  at  the  l»cginning  of  trade  dejiression,  a  contract  was 
made  with  Mr.  B.  D.  Whitney,  of  Winchcndon,  Massachusetts,  to  con- 
struct the  gauge  machines,  and  they  were  completed  in  nine  months 
time,  but  the  stiite  of  business  was  then  such  that  the  machinery 
was  packed  away  as  soon  as  completed  and  was  never  set  up  until 
August,  1877,  when  practical  operations  were  for  the  first  time  com- 
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menced.  This  wai  seventeen  years  from  tlie  time  the  scheme  began, 
but  it  liad  been  followed  in  one  way  or  another  continually  during 
that  time. 

It  was  thought  that  in  a  month  or  so,  Cidipers  and  corrective  gauges 
ANould  be  ready  for  sale,  but  these  expectations  were  foiled  by  several 
<'ircumstances,  principal  among  which,  was  the  failure  of  the  measuring 
machine  fitted  with  graduating  screws  made  at  the  A\'hitworth  Co.'s 
works  in  Manchester  and  guaranteed  a.s  to  accuracy. 

This  matter  had  before  been  thought  of,  but  there  was  scarcely  a  doubt 
that  the  pitch  of  the  screws  was  correct.  Subsecpient  experiments,  how- 
ever, proved  that  not  only  the  aggregate  pitch  was  wrong  and  the 
screws  not  parallel,  but  the  relative  pitch  in  so  short  a  length  as 
£even  inches  would  not  do  to  de})end  upon.  These  screws  were, 
no  doubt,  as  their  appearance  indicated  and  as  the  Whitworth  Co. 
afterwards  maintained,  carefully  made,  but  the  delicacy  of  measuring 
tests  demands  more  accuracy  than  can  be  attained  by  relying  upon  the 
pitch  or  movement  of  screws. 

The  first  experiment  in  measuring  was  made  by  preparing  six  rods  of 

^tubb's  wire,  the  points  nicely  finished  by  stoning  and  the  central  part 

■covered  with  several  layers  of  thick,  soft  paper  to  prevent  induction. 

These  rods  were  carefully  fitted  into  the  machine  when  set  at  six  inches, 

temperature  and  other  conditions  being  carefully  observed.     The  rods 

were  then  uncovered  and  fitted  into  a  groove  cut  on  the  side  of  a  bar 

of  pine  wood  and  taken   to  ^lessrs.   W.   B.    Bement  &  Sons'  works, 

where  a  Wliitworth  ma.ster  screw,  with  the  necessary  conveniences  for 

testing  the  rods,  was  supplied  and  even  the  experiments  <'onducted  by 

the  firm,  who  were  kind  enough  to  take  a  great  interest  in  the  matter. 

By   careful    comparison    it    was  found  that   the    measuring  machine 

in  comparison  with   the   screw  recorded  about   one  in  ten  thousand 

short.      This,  of  course  stop})ed  gauge  making  for  the  time.     The  test 

rods  were  then  taken  to  London  and  in  three  separate  experiments  on 

different  standards,  two  made  by  myself  and  one  by  Gen.  B.  F.  Tilgh- 

man,  a  member  of  the  Institute,  it  was  found  that  the  rods  were  short, 

the  variation  being  but  little  in  tiie  three  cases  and  con-esponding  very 

nearly  with  the  less  perfect  experiment  at  Philadelphia. 

The  next  ojieration  was  to  procure  four  standard  test  rods,  adjusted 
to  the  Imperial  yard  of  Great  Britain  and  its  divisions,  by  which  the 
measuring  machine  in  Philadelphia  could  be  a<ljuste<l.  Such  rods 
were  prepared  in  London,  with  great  care,  by  those  having  access  to 
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tlie  imi)C'rial  standard,  and  Mr.  George  Rieliards,  then  in  England, 
brought  them  out  to  Pliiladelpliia  and  hogan  the  correction  of  tlie  meas- 
uring machine,  proving  by  combinations  of  the  rmls,  comparing  with 
Wiiitworth  gauges,  and  so  on.  In  the  mean  time,  another  set  of  test 
rods  were  preparing  in  Manchester,  England,  and  were  forwarded  to 
Philiidelpliia  to  prove  the  fii-st  set  and  also  the  machine  whicli  had  then 
been  toleral)ly  well  adjusted. 

Rods  were  next  adjusted  by  the  "SVhitworth  company  at  Manchester, 
and  the  Standards  Department  at  Wasiiington  was  visited  ;  in  short,  all 
was  done  that  could  be  done  to  fix  a  standard  for  mea.surement,  and  it  is 
now  thought  that  the  machine  is  as  neiirly  accurate  as  one  can  bo  made. 

This  will  be  a  proper  jdace  to  explain  that  the  object  in  seeking  f»»r 
standards  in  Great  Britain  was  to  match  what  is  called  the  Whit  worth 
scale  now  in  ase  in  our  workshops.  Many  peoi)le  suppose  the 
Whitworth  stiuidard  to  be  an  arbitrary  and  independent  one;  in  fact, 
this  idea  is  pronuilgatcd  by  the  c(»mpany,  because  if  iufpiiry  is  made 
at  the  works  whether  their  standard  is  the  same  as  the  Im])('rial  one, 
the  answer  will  be  (or  wjis  in  one  ease),  "  they  did  not  know,  they  lia<l 
their  own  standard."  Imagine  Sir  Joseph  AVhitwortlnV:  Co.  j)rc|)ariiig 
gauging  implements  which  did  not  con-csixMid  to  the  standard  ol"  tlie 
realm  ! 

A  prevalent  opinion  exists  that  the  Jiritish  and  American  standaids 
for  lineal  measure  are  not  the  sjinie.  This  idea,  J  have  been  informed 
bv  Mr.  John  W.  Nystrom,  aime  from  publications  of  the  Smithsonian 
Institution,*  but  a  moment's  reflection  must  show  how  imi»robable  it  is 
that  there  is  anv  difTerence  in  the  lineal  measures  used.  The  British 
standard  is  an  arbitrary  (»ne,  fixed  after  several  years  of  labor  on  the 
j)art  of  a  learned  conunission  and  at  considerable  expense.  The  jx-n- 
dulum  test,  which  was  the  only  natural  one  by  which  experiments  were 
made,  wius  abandoned  after  thousands  of  readings  showed  its  incon- 
stancy. The  French  metre  of  the  f<»rty-millionth  part  of  the  earth's 
meridian,  as  well  as  all  other  natural  standards,  were  abandoned  for 
the  same  reason,  and  the  wisdom  of  this  course  has  been  prove<l  by 
the  French  goverimient  since  adopting  an  arbitrary  standard  the  same 
as  the  P^nglish  had  done. 

In  this  country,  while  there  has  been  m»»re  spent  in  |)reparing 
comparative  standards  than  by  any  other  government  in  the  world, 
there  has  been  no  search,  so  far  as  I  know,  after  natural  or  otluT 
standards.      The  equii)ment  of    implements  of  transmission  and   for 

*See  "Smilh«oni.in  Miscellaneous  Collection,"  vol.  i,  p.  112  I). 
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measuring,  exceeds  that  of  which  any  other  country  can  boast,  but  the 

principal  wisdom  shown  in  the  matter,  has  been  in  avoiding  the  useless 

expense  of  fixing  an  independent  standard  which  might  l)e  anything. 

By  comparison,  under  similar  conditions,  a  metal  test  rod  adjusted  at 

Washington    and  a  similar  one  adjusted    at   London  would   show  a 

difiPerence  due  to  ten  degrees  oi  temperature,  and  this  is,  no  doubt,  the 

only  difference.     It  Ls  enough  to  know  that  gauges  made  to  a  carefully 

adjiLSted  standard  here  will  match  and  interchange  with  those  made  in 

England. 

Fig.  3. 


Proceeding,  now,  to  notice  more  particularly  the  measuring  machine 
shown  in  side  elevation  at  Fig.  ."i :  It  consists  of  a  strong  frame,  on 
the  top  of  which  are  two  traversing  slides  very  carefully  fitted  and 
moved  by  screws.  The  contact  points  seen  at  the  centre  are  of  hardened 
steel  made  parallel  by  careful  fitting.  The  index  wheels  at  eiicli  end 
are  to  count  the  revolutions  of  the  screws  or  divisions  of  the  same. 
(Jne  of  the  screws  has  a  pitch  of  eight  threads  to  an  inch  for  the 
ordinary  divisions  marked  on  rules  and  scales,  and  tlic  other  screw  is 
ten  per  inch  for  decimal  divisions. 

In  measuring,  the  points  are  brought  together  in  ea.sy  contact  to  form 
a  ba.se  or  starting  point  and  then  expanded  by  turning  one  or  the  other  of 
the  wheels,  or  both,  C(jnnting  the  revolntions  or  parts  of  revolutions  to 
Whole  No.  Vol.  C'VH.— (THiitD  Seriks,  Vol.  I.xxvii.)  13 
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determine  tlic  distance  l)et\\ern  tiie  jmints  or  the  size  of  wiiat  is  to  l)e 
nieasnre<l.  ( )ii  one  side  the  nundx-r  of  divisions  is  lOOO,  henre  with 
a  screw  of  ten  threads  to  an  inch,  each  <h'vision  on  the  wheel  e([nalt! 
j  Q  jj  Q  ^,  of  an  inch  at  tlie  points. 

The  movable  indices  on  the  front  of  the  machine  are  to  correct  the 
im])erfe<'tions  of  the  screws  on  a  principle  which,  so  far  as  is  known, 
was  invented  l)v  Professor  John  E.  Sweet,  of  Cornell  University. 

The  two  set  screws  .seen  in  front 
and  restinjr  ai^ainst  the  npper  snrfaee 
of  the  index  bars  arc  attache<l  to 
and  move  with  the  slides  of  the 
machine,  and  the  sha]»c  of  the  snrfaee 
■  ir  (III  which  these  screws  slide  may  he 
calit'ii  a  diagram  of  the  screw's  im- 
perfections. In  the  <lrawing,  straight 
lines  are  shown,  bnt  j)ractically  the 
lines  are  neither  straight  iku' regular. 
The  wooden  throat  piece  seen  below 
the  points  is  removed  when  large 
piwes  are  to  be  put  in  the  machine. 

The  machine  is  .shown  mounted  on 
balance  bai"s,  which  seem  superfluous 
with  so  strong  a  frame  ;  nevertheless, 
by  setting  up  the  screws  beneath  the 
ends  of  the  frame,  a  very  ajtparent 
•hange  in  the  rwidingswill  be  seen. 
Fig.  4  is  what  is  (idled  a  calipering 
machine,  u.sed  for  transmitting  sizes,  but  not  for  measiu-ing  beyond  a 
degree  of  accuracy  which  tlie  pit<'h  of  a  carefully  made  screw  may 
give.  Such  machines  are  employed  in  makiiig  gmige-s,  reamers,  drills, 
mandrils,  taps  and  so  on. 

Being  inflexible,  or  nearly  so,  the  accnracy  is  greater  than  in  using 
common  cali|)ers,  l)ut  the  main  diflerence  and  that  which  gives  most 
value  to  such  maeliiiies  is  that  they  indicate  as  the  size  is  approache<l 
aufl  also  variations  above  (»r  below  standard  size  by  yo'ion  "^  'i"  inch. 
A  workman  using  such  a  machine  has  nodread  of  si)oiling  his  work. 
He  can  make  a  loose  fit,  a  shrinking  fit,  or  a  forced  flt,  :is  may  be 
required.  The  value  of  such  a  machine  in  a  fltting  shop  was  never 
conjectured  until  one  w;t^  made  and  put   into  iLse  at  the  gunge  works. 
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At  first  it  was  intended  for  use  only  iti  grinding  mandrils  or  gauges, 
but  soon  became  an  implement  of  general  use.  A  workman  would 
finish  a  piece  of  turned  wook  to  ywou  ^*^'  To^  ^^'  '"^  "^^"^^  ^"  diameter 
without  losing  any  time.  Seeing  the  value  of  such  a  machine,  espe- 
■cially  for  the  tool  rooms  of  large  machine  shops,  and  also  re(|uiring 
more  of  them  in  the  gauge  works,  a  smaller  and  cheai)er  machine, 
measuring  to  4  in.,  was  prepared.  This  machine  jus  shown  in  Fig. 
5,  is  arranged  with  divisions  at  one  end  for  the  5-0V0  ^^'  '^"  '\n{A\  and 
at  the  other  end  for  ^-^Vo   ^^  ^^  inch. 

The    same    machine    cjin  Fig.  5. 

be  adjusted  for  measuring, 
if  desired,  the  index  points 
being  sha})cd  to  correct  ir- 
regularities of  the  scTews. 
This  is  done  by  experiments 
and  comparison  with  the 
.stimdard  machine,  Fig.  3. 

The  makers  incline  to  the 
opinion    tiiat     machines    of 

this  kind  will  come  into  general  use  and  are  experimenting  on  various 
modifications  to  perfect  and  cheapen  them. 

With  this  much  in  respect  to  the  machines  employed  in  gauge- 
making,  it  will  be  next  in  place  to  describe  some  of  the  implements 
produced. 

It  was  noticed  in  various  shops  that,  whether  provided  with 
cylindriciil  gauges  or  not,  fixed  calipers  were  the  implements  in  use, 
in  other  words,  were  the  working  tools,  and  it  was  resolved  to  make 
these  a  biise,  as  it  were,  for  gauging,  reversing  the  old  system,  which 
would  procure  the  most  expensive  gauges  for  reference,  and  then  go 
downward  to  calipers  and  other  tools ;  nevertheless  a  set  of  calipers  with 
some  means  to  kecjj  them  in  adjustment  forms  a  tolerably  complete 
equipment  to  maintain  sizes  in  a  machine  .shop.  There  are,  in  such  a 
case,  but  few,  if  any,  tools  not  in  practical  iLse,  while  the  original  cost 
is  only  a  fourth  to  a  tiiird  as  much  as  under  tiie  old  system. 

After  various  experiments  with  moulded  steel,  it  was  found  to  be 
suitable  for  calipers.  When  prepared  for  the  purpose,  it  would  harden 
the  same  sus  cast  steel  and,  when  carefully  treated,  wjis  free  from  inhe- 
rent strains.  Several  ditferent  forms  were  tried,  the  result  being 
finally  to  adopt  the  one  shown  in  Fig.  G. 
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To   keep  these  calipers  in  adjustment  there  are  furnished  what  are 
called  eorreetive  g-auges,  sh(»\vM  in  a  cheap  form  in  Fig.  2,  and  in  the 


FiK.  C. 


usual  form  in  Fig.  7.  The.se  gauges!  iiro  like  \vh:it  are  called 
gauges  in  :i)>])earanee,  but  are  made  on  a  wholly  diiferent 
The  discs  (»r  plates  com[)(>sing  the  sizes  are  independent 
and  ground  separately  to  size,  the"  sartic  as  cylindrical 
gauges  ;  they  are  mounted  ona  spindle  oi'  holt,  which  holds 
them  together,  hut  jicrmits  their  being  turned  around. 
These  di.><cs  are  made  of  iron  or  sted^'khd  can  be  hardened 
if  rc(|uired;  for  ordinary  ca.«es,  h(>\vever,  hardening  is 
of  noimj)ortance,  and  adds  considcral)lv  to  the  expense  of 
preparing  them. 

The  limits  of  aecuraoyto  which  these  gauges  are  made  are 

irTjVit'  rfrw<T.T  J^"^  ji^hru  ^^^  =»"   '"<''»'  f''^'  expense  rising 
with  the  degree 
of  accuracy,  but 
not  in  the  siune 


Fig. 


pro|)ortioM. 

'J'lie  sizes  mh 
usually  from  [ 
(o  2\  inches  b\- 
sixteenths,   :ind  lV<»m   '2\  to 


^ 


NgjvEjj^pigep"" 


I  inelies    bv    ei";hths  of  an    iiicli,   iiiakintr 


49  sizes,  wlii<'li    can    be    nioiiiUed    in    an    iron    ease,  as  sli(»\vn,  and   be 
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Fig.  8. 


kept  in  the  hands   of  a   manager  or    to  reman,  who  ean  at  pleasure 
inspect  and  test  the  calipers  in  use. 

If  any  wear  or  derangement  exists,  a  caliper  can  be  corrected  by  a 
<iareful  blow  on  the  outer  or  inner  edge,  as  the  case  may  be,  requiring 
but  a  moment's  time,  and  but  little  skill  after  a  few  experiments. 

Fig.  8  shows  a  kind  of  fixed  calipers,  made  of  steel  or  white  iron; 
the  latter  is  recommended  for  rough  use,  being  extremely  hard  through- 
out, and  not  liable  to  derangement  by  wear  or  accident. 

Pins  and  collars,  which  seem  to  be 
tlie  most  expensive  and  difficult  kind 
of  gauges  to  make,  arc  l)y  no  means 
■so  if,  as  before  mentioned,  time  is  not 
taken  into  account.  The  pins  arc  first 
made  and  the  collars  lapped  out  to 
fit :  but  by  this  remark  it  nuist  not 
be  inferred  that  the  pins  arc  ground 
to  size  by  common  cnicrv  wheels  and 
in  an  ordinary  fjrindino;  macliine. 
Speaking  for  ordinary  practice,  this 
is  not  the  case,  because  neither  the 
nature  of  grinding  .  v\;heejl^  ^,9f;.  tj}^ -o 
movements  for  traversing,  liave  beeji^  .^-^^  j  yI^ik 
found  perfect  enougli  to  finish  p^n^,,,,  ,.,j^  f..^^;,,j,- , 
to  size,  and  therp, ,  is  good  autti,o^it^,^|or  ^^^^p^^  uonc 

finished  in  this  manner  in  Euirland 


KIIP.Oi 


been 


>)^:  -JO  flO'fi  'to  c-Lj 
The  fixed  calipers,  which  sul'iu  to^]l;xp,.^he.fljtC^'.^simj)lc  to  make,  are 

nevertheless  the   most   difficult,  ii^nd   rj^g,uire   niqre   implements   and 

processes  than  anything  else.     They  are  more  subject  to  change  from 

temperature,  and  a   [)ortion  of  tlie  grinding  for  adjustment  has  to  be 

done  on  the  faces  of  wheels,  an  operation  which  is  in  all  cases  extremely 

<lifficult,  even  if  accurate  results  are  not  rcipiired. 

The  great  variation  of  temperature  between  winter  and  suminei"  is  a 
considerable  difficulty  in  gauge-making  in  this  country. 

Tlie  lower  temperature  of  winter  can  of  course  be  controlled  by 
artificial  warming,  but  the  lieat  of  summer  is  not  so  easily  provide<l 
against ;  so  that  in  assuming  a  scale  of  temperature,  70°  has  been 
adopted  at  the  Standards  Dq>artni  nt  in  Ayashingt(»ii,  and  the  measuring 
machine,  Fig.  3,  has  been  adjusted  at  tliat  tem])crature.     In  England 
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62°  i.'i  tlio  comiiion  standard,  while   in    X«»rtlirrM    p]ur()])o  a  lower  ,sc;ilo 
if*  common. 

Tlu'  inainttMianct'  of  ."^timdard  .>^ize.<  in  a  mticliine  .^hop  involves  tt 
<;()0(1  manv  thing's  hcsido  ";aujj:o.-!,  l)ut  fortunatelv  nothiny;  which  .sliould 
not  bo  provided  at  any  rate.  Turnino;  mandrel.'^,  for  example,  mii.st  be 
kept  u[)  to  corrcsj)ond.  In  former  times  tm*ning  mandrels  were  made 
of  iron,  ('(insist ini;  i;-enerally  of  .scrap  pieces  of  various  lenj^ths,  and 
were  usually  turne<l  off  to   fit  ejich  time  they  were  used,  and  on  the 

Fig.  9. 


whole  coiistirMted  what  iiiiiiht  l)e  calleil  a  nuisance  in  a  niaeliinc  shop. 
\ow  it  is  evident  that  if  holes  are  bored  to  unilorni  size,  one  mandrel 
of  cjich  size  will  do  in  a  tolerably  lar«i'e  shop,  and  if  that  mandrel  is 
made  of  steel,  hardened  and  ground  to  size,  the  expense  of"  niaintain- 
ing  it,"  as  w(>  niav  sav,  is  reduced  to  a  minimum. 

The  eny-ravinir,  Fiy;.  1),  shows  a  verv  ijood  form  for  mandrels  and 
drivers  also.  The  ends  are  shaped  with  two  polygonal  sides,  which 
fit    into  a   eoi-i-esponding  seat    in    the   dri\-er,  as   seen    in  the  end  vi(>w. 

Fig.  10. 


The  driviiii:-  studs,  as  shown  on  the  sm  dler  ones,  are  se|)arate,  and  can 
be  remo\-ed  i("  not  riMjuired. 
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Fig.  10  show.s  reamers  for  nracliine  Htting,  wliieli  can  l>e  expanded 
lus  they  wear  away.  The  .smaller  one  i.s  drilled  out  centrally,  and 
then  mortised  between  the  blades,  so  that  a  eonieal  })lug  forced  in  by 
the  screw  at  the  end  expands  the  centn;  of  tiie  reamer.  The  larger 
one  is  a  blade  reamer  (jf  the  usual  type,  and  needs  no  explanation. 


Fitf.  11. 


BIGHT  HAND  TOOL. 


Among  the  tools  made  at  the  gauge  works  in  Philadelphia,  but  in 
no  way  connected  with  gauging,  are  tool  stocks  with  separate  or  detach- 
able points,  held  by  screw-keys  in  a  very  secure  manner.  A  great 
many  modifications  of  such  tools  Inne  been  tried  in  this  country  and 
also  in  Europe,  but  none  except  the  present  form  seem  to  have  met 
the  expectations  of  their  inventors. 


Fig.  12. 


illiiif >■ .     •  -iljijllh).;  ■  !:,iipi||Hv::  i^i!Jiiil!iiiliil!l|ii!iliailiilli{iiiJ'>M!ii:i!iliiliiiliiiiiliiI 


LEFT  H.VXD  TOOL. 


•*i7     Hi     -Jfi'ji? 

In  Figs.  11,  12,  lo  and  14  are  shown  .side  views  of  such  tools,  tho.se 
for  flat  cutting  having  cylindrical  cutters  or  [)oints,  a  form  not  so  com- 
monly used  h(n*e  as  in  England,  l)ut  having  more  endurance  for  heavy 
cutting  than  |)()inted  tools.  Tools  of  the  kind  shown  in  Figs.  11  and 
I'l  are  in  general  ase  at  the  CoruNvall  Iron  Work.s,  in  Jjirmingham, 
England,  where  the  ex[)ense  of  cutting  and  sliaping  iron,  in  so  far  a.s 
the  writer  can  judge,  lias  been  reduced  to  it'^  lowest  limits. 

The  purposes  arrived  at  in  such  tools  are  wA  always  apparent  at  a  first 
examination,  and  may  be  briefly  mentioned  a.s  follow.s:  (1)  The  points, 
being  only  small  pieces,  can  be  made  of  finer  .steel  than  can  l)e  aflbrded  for 
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solid  tools.  (2)  Tiic  points  can  be  instiiiitly  roniovod  or  ivplaeed  without 
(ILsturbing  the  tool  stock.  (3)  The  i)oints  being  duplicates,  no  time 
need  be  lo.-^t  in  sharjiening,  a  frc-^h  point  buing  inserted  when  necessarj'. 
(4)  Tool  dressing,  an  expensive  and  generally  un.-;atisfa('t«try  branch,  in 
dispensed  with.     (5)   In    grindLtig   the  tools  a  large  nnmbcr  can  1h> 

Fig.  13. 


I  AMtRlCMt  STANOWD  GWJCE  1^001  >.CR« 

, .     PHkAOtLPHIft.  J.S.A. 


SWIVEL  TOOL 


treiited  at  one  time;  and  there  bt-iiig  but  one  grinding  angle  and  that 
a  constant  caie,  no  skill  is  requii-ed  in  the  operation.  (G)  Tiie  height 
of  the  point  of  the  tool  can  be  regulated  at  pleasure,  thus  avoiding 
what  is  called  tool  raising;  appHances  on  engine  hithes. 

'  1    I  •  I  (  I  ]  !  ■  1 
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W7      THE  AMtmCAKSTAMOA^O  0«)CE  JrTOai  WORKS. 
fTTb       ,  PHIlAOElPHIAU.».A. 


SCREW  TOCH.. 


The  .screw-cutting  moditii,^:^l:iqu  will  be  understood  without  further 
explanation,  but  it  nr.iy,l;»i3  fuqitioued  that  in  pnirtiee  it  lias  proved 
wholly  successful.  .,!)!.    .:,    ;  ,  i 

The  cvlindrieal  point  tools  are  a  modilieation  of  (|uite  an  old  inven- 
tion, originating  in  CJlasgow,  and  one  of  the  examples  .shown  is  from 
England,  where  tools  of  thi>  hind  are  >:radually  eonn"ng  into  use. 


Mediterranean  Tides. — M.  liondaiivand  Admiral  Mouehez  have 
observed  ti(h's  of  2-.")  metres  (T'T!!  ft.)  in  the  (Julf  of  (Jabes.  The 
Venetian  tide  of  -8  metre  ('J-d  ft.)  is  the  highest  previ<.iisly  observed 
in  the  Mediterranean. — ('(unjtfts  lini'his.  ( '. 
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By  the  Iiiventor,  Prof.  L.  d'Auria. 

Whatever  may  be  the  scientific  principle  on  whicli  a  steam  engine 
jjovernor  is  constructed,  it  is  easil}'  seen  that  when  in  operation  all  the 
forces  acting  on  it  can  be  reduced  to  two  acting  on  its  valve  in  a  con- 
trary direction  to  each  other,  one  trying  to  shut  the  passage  of  the 
titeam,  the  other  to  oj)cn  it. 

The  first  force  is  })roduccd  by  the  velocity  which  tlie  engine  commu- 
nicates to  the  governor,  anil  c( »nsequcntly  is  a  function  of  the  velocity 
of  the  engine ;  the  second  force  is  produced  by  a  weight  or  by  the  elas- 
tic force  of  some  spring. 

Let  P  and  Q  be  respective] v  tliose  two  forces,  and  IT  the  velocity  of 
the  cny-iue ;  will  l>c  •    rr-  i 

and  for  tlic  equilibrium  of  the  vah'c,  which  is'suppo.'<ed  to  be  balanced 
bv  the  steam,  that  is,  independent  of  the  pressure  of  the  steam,  must  be 

Q  =  P=f{^V)  (1) 

As  the  pressure  of  the  steam  in  the  boiler,  as  well  as  the  load  of  the 
engine,  are  subjected  to  variations,  the  engine  cannot  be  rigorously 
governed  if  the  valve  is  not  in  ecjuilibrium  in  all  its  positions  between 
the  limits  of  its  stroke  with  a  constant  velocity  IT  of  the  engine. 

Therefore  the  e(piation  (1)  must  not  be  affected  by  the  changes  of  posi- 
tion of  the  governor  in  reference  to  itself,  or  it  must  be  indej)endent  of 
the  coordinate-^  of  the  system  c(»nstituting  said  governor.  And  if  the 
force  P  is  a  function  of  those  coordinates  (as  takes  ))laee  in  all  the 
governors  constructed  on  the  principle  of  centrifugal  force),  then,  also, 
the  other  force  Q  must  be  a  function  of  the  same  coordinates,  but  such 
that  the  equation  (1)  results  independently  of  them. 

Let,  now,  i?be  the  friction  of  the  governor,  considered  at  the  same 
point  of  a])])lication  of  the  forces  P,  (^.  Tlie  e(]uation  of  equilibrium 
<tf  the  valve  when  it  moves  so  as  to  shut  the  passage  of  the  steam, 
will  be 

V      i/  =  /(ir);  (2) 

and,  when  the  c«:»ntrarv'  t'd<es  [)lace,  will  be 

Q-H^f{W)  (3) 

^Subtracting  the  cfjuation  (3)  from  the  other  (2),  will  be 

L>/^  =  /(ir)-/(ir)  =  o, 
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whicli  is  al)siir(l  unless  7/ is  oqual  to  zero,  <>r  the  value  of  IT  in  the- 
e(ju;ition  (2)  is  greater  than  that  of  W'rn  the  equation  (3).  But  in  this- 
e;ise,  at  everv  change  ot"  direetion  in  the  motion  of  the  valve,  a  varia- 
tion <»f  speed  takes  ])la<'e  in  the  engine,  more  or  less,  aecording  to  thfr 
value  of  the  friction  //;  therefore,  to  obtain  a  perfect  governor  it  is 
not  enough  that  the  e(|uation  of  its  e(juilihriuin  is  independent  of  the 
changes  of  position  of  said  governor,  it  must  he  independent  also  of 
friction. 

Having  thus  established  the  conditions  to  be  satisfied  in  the  construc- 
tion of  a  perfect  governor,  my  first  step  toward  the  solution  of  this  im- 
portant problem  was  the  elimination  of  the  friction  of  the  valve-stera 
in  its  stuffing  box,  which  I  consider  the  most  j)ernicious  to  the  sensi- 
tiveness of  a  governor. 

I  obtained  this  result  in  a  very  simj)le  manner,  by  enclosing  the- 
Miechanisin  of  an  ordinary  ball  govenmr  in  a  steam  chamber  in  whicli 
it  revolves.  This  will  !)<■  e;t-ily  understood  without  s|)ecial  illustration. 
With  the  elimination  of  the  friction  of  the  valve-stem,  another  serious 
inconvenience  is  destroyed,  that  arising  from  the  variable  pressure  of" 
steam  on  said  stem,  which  j)revents  the  balancing  of  the  valve. 

The  use  of  heavy  balls  being  unneccs.sarv  in  this  improved  form,  1 
immediatclv  thought  to  reduce  the  mechanism  to  only  one  ball  and  itsarni^ 
the  valveand  its  valve  chamber;  after  which  I  saw  the  possibility  of  using 
the  ball  arm  itself  as  valve,  j)i voted  on  a  movable  valve  cluunber,  thus 
reducing  the  mechanism  to  only  two  i)ieces,  and  the  friction  to  its  mini- 
mum, that  is,  to  that  of  the  jxtints  of  suspension  at  the  ball  aiMu  trans- 
formed into  a  throttle  valve,  which  friction  is  so  small  as  to  he  neglecrted 
in  calculations. 

One  method  for  the  ]»ractical  realization  ol"  my  last  improve- 
ment, which  seems  to  me  to  exhibit  the  greatest  (l(>gree  of" 
simplicity  in  steam  engine  governors,  isfidly  shown  in  the  aimexed 
drawing  (Fig.  1)  in  which  A  is  the  steam  chamber  having  in  the 
centre  (»f  its  bottom  a  vertical  and  cylindrical  tid)e  H,  open  at 
both  ends  and  j)rolonged  ]»artly  insitle  and  partly  outsi<le  of  said 
st<'am  chand>er.  ('  is  flu;  movable  valve  chand)cr  in  the  drawings 
having  the  form  of  a  >hort  cvlin<lric  box  or  ca.se.  It  fits  thfr 
up|»cr  jiart  of  the  tube  />',  and  is  fixed  on  a  vertical  shaft  receiving  mo- 
tion from  the  engine  in  the  manner  shown  in  the  drawing.  AV'henthis. 
shaft  is  in  motion,  it  revolves  the  valve  chamber  (.'around  its  scjat  7:?^ 
but  without  an\-  friction.      The  ends   of  the  cvlindrical  valve  chamber 
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C  are  closed  by  two  parallel  walls  disposed  vertically.  On  each  of 
them  is  cut  an  equal  port,  conveniently  shaped  and  situated  so  as  to  be 
regulated  simultaneously  by  the  oscillating  double- weighted  valve  D, 
composed  of  two  equal  slide  valves,  sector-shaped,  rigidly  held  parallel 
to  each  other  iuterually  by  a  bridge  I),  of  ju-oper  weight,  and  hung  by 
centre  pins  on  the  parallel  walls  of  the  valve  (ihamber,  so  as  to  oscillate 
freely  on  the  outside  of  them  in  a  vertical  plane. 

Fig.  1. 


The  stroke  of  the  double-weighted  valve  J)  is  limited  to  open  and 
shut  the  ports  of  the  valve  chand)cr  without  any  lost  motion.  The  ci^n- 
tre  of  gravity  of  the  valve  is  situated  below  the  horizontal  ])lane,  pass- 
ing through  the  axis  of  sus})ension  /,  and  the  right  line  joining  the 
mean  point  of  this  axis  with  the  centre  of  gravity,  is  crossed  by  the  axis 
of  rotation  of  the  valve  chamber  at  an  angle  of  about  45°,  so  that, 
when  the  governor  is  put  in  motion  the  eflfect  of  centrifugal  force  will 
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he  to  turn  the  double-weightwl  valve  IJ  on   it.-^  axis  of  suspension  /, 
and  close  the  ports  on  either  side  of  the  valve  chainber  C. 

The  inside  of  the  steam  chamber  is  divided  in  two  compartments  by 
u  disc  or  diaj)hi'agm  attached  to  the  .shell  of  the  tpbe  B,  leaving  all 
iiroimd  its  periphery  an  amudar  passage  for  the  steam  toflmv  from  the 
lower  compartment  to  which  it  is  first  admitted  to  the  upi)er  one,  in 
■which  runs  the  mechanism  C,  I). 

The  object  of  this  is  the  uniform  distribution  of  the  steam  around 
C,  1)  without  affecting  the  double^weighted  valve  D,  which,  in  conse- 
<|uence,  is  j)erfectly  balanced.  i^'^^Jl''^  ''-'■^•^  '"Jl  "'  '  idif 

The  steam  passes  from  the  upj'ieretjrnixirtments  of  the  steam  ehaml>er 
into  the  valve  chamber  through  its  ports,  from  which  it  flows  into  the 
tube  />,  comMuiiiieatiiig  with  the  engine. 

\\'heii  the  velocity  of  rotation  of  the  mechanism  (',  1>  exceeds  a 
<'ertain  limit,  the  centrifugal  force  raises  the  valve,  the  ports  of  the 
valve  cluunber  shut,  and  the  sj)ecd  of  the  engine  falls  for  want  of 
steam.  Then  the  valve  itself  falls  for  want  of  s])eod,  and  tiie  ports  of 
the  valve  chamber  are  again  opened  to  the  steam,  and  so  on. 

Having  reduced  the  friction  of  n\y  governor  to  such  a  minimum  tis 
to  be  neglected  in  calculations,  my  attention  was  directed  to  find  the , 
most  convenient  manr^er  of  .suspending  the  valve,  to  satisfy  as  closely  sus 
possible  the  condition  e^))ro<sed  in  discussing  the  ecpiation  (1),  that  is, 
the  condition  that  witli  <i  coth<<f((nf  rc/ocifjf  of  fitr  cnf/iiw,  the  nt/re  miint 
Indifferetifh/  be  In  e<jiii/ii>rliiiit  in  all  itx  p()sitio)i--<  Ixfireen  f/ic  liniif.^  of  iLh 
stroke. 

The  followinir  is  the  caleuhition  made  for  this  object: 

Let  .v.r  (Fig  2)  be  the  vertieal  axis  (»f  rotation  of  the  governor  ;  C'thc 
centre  of  gravity  of  the  double-weighte<l  valve;  // the  distance  of  this 
point  from  the  axis  xx  ;  T  7' the  tangent  line  to  the  curve  described 
by  the  point  C,  touching  this  same  ])oint;  ^,  the  angle  formed  by  T  T 
with  the  axis  xx  ;  P,  the  weight  of  the  valve  ;  F,  its  centrifugal  force, 
and  A^  the  munl)er  of  revolutions  j)er  miiiiUe  df  the  governor. 

The  eijuation  of  e«piilil>rium  will  be 

Fsind=Peo.sH  (4) 

Tlic  value  of"  /-'expressed  in  function  of  //  and  .V  is 

900  X  // 
*Substitnting  it  in  the  eipiation  (4),  after  reductions  will  Ite  fuimd 
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900  Xv 
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(5) 


or 


^iange=^J^=   Comt :  =  C 

If  the  axis  xx  is  considered  as  axis  of  abscissas  of  the  curve  described 
by  the  point  Cand  y  as  an  ordinate  of  fhe  same,  will  be 

^ngd  =  -^ 

Substituting  this  value  in  the  last  equation,  will  be 

ydy  =  Cfjiic; 
and 

jydy  =  CJdx; 
or  ''J^jca  3di  "to  noiixijo-i  "to   vtio<' 

■■'.:   -y^-^%Ogi\  h,o-- 

This   equation    represents;  a-'   : 'jgqa  arb         ^'g--- 
parabola  ;   tlierefore,  to  satisfy  •jo'i  sllfii  "ilseii 
mathouiatically  the  above-men 
tioned  condition,  the  point   C  ,    £ 
must  move  on  such  curve,    >imo]liJ 

I    could    obtain    this    eifect  jnjbay 
practically   by  su.>*pcnding   the 
valve  Avitli  a  chain,  which  devel- 
ojxs  from  a  parabolic  outline,  it 
being   known  that  the  evolute 
of  a  parabola  is  another  para- 
bola.    But,  as  the  o.scillation  of ' 
the  valve  is, short,  the  parabolic 
arc  described  by  C  can  be  con- 
sidered approximately  as  an  arc 
of  circumference  having  for  its 
centre  the  mean  centre  of  curv- 
ature of  .^aid  jiarabolic  arc;    and  tliis  centre  be  considered  as  point  of 
suspension  of  the  valve. 

Now,  a.s  the  co-ordinates  of  tliis  point  are 

Aljscissa  =  c    ^  --jL.  Ordinate^  —  iL  . 

2c  '  c    ' 

it  is  evident  wliy  the  axis  of  susi>ension   /,  /,  of  the    valve,  is  situ- 


jioiiBliJoIi; 
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atttl,  'AH  .shown  in  Fig.  1,  in  reference  to  the  centre  of  gravity  of  said 
valve  and  the  axis  of  rotation  of  the  valve  chaniber. 

But  this  disposition  is  not  at  all  arbitrary,  its  it  seems  to  be,  because  the 
axLs  of  suspension  /,  in  reference  to  its  position  and  its  distan<«  from 
the  centre  of  gravity  C',  can  be  determined  by  calculation  so  as  to  obtain 
the  cHjuilibrium  t>f  the  valve  in  all  its  positions  with  the  smallest  varia- 
tion of  N ;  that  is,  with  the  smallest  variation  of  speed  in  the  engine. 

In  factjMet  IC\  IC^  i^ig'  2)  represent  the  extreme  j)ositions  of  the 
valve  ;  w  and  w^  their  respective  angles  with  the  hori/.on  ;  and  let 
ID  =  a;     IC=IC"=Ii; 
.  •  .  y  =  CB  =  Jtconoj  —  a 

y  =  CB'  =  EcoHuj'  —  a. 
Substituting  successively  tho.se  two  values  of  y  in  the  ecjuation  (5), 
*>bserving  that  (o  =  0,  o/  =  6\  w  ill  be  foimd,  after  reductions, 


iF?  ft  i  tr  oj  —  afa  n  a  (o 

Jtaina? —  atangw' 
Now,  it  is  easily  seen,  that  if 

R^sinw —  atam/w  =  Rsiiu/w'  —  (Uam/cy^;  (7) 

<>r, 

J, tanguj  —  tanf/<f/ 

sinw  —  sin(f/ 
the  valve  will  be  absolutely  in  efjuilibrium  at  its  extreme  positions  with- 
out any  variation  in  the  number  N,  or  of  speed  in  the  engine. 

For  the  intermediary  positions  of  the  valve,  theoretically,  the  numl)er 
N  is  not  constant ;  but  its  variations  are  so  small  that  it  can  be  consid- 
ered practically  as  constint.         v,.  /,  f| 

The  members  of  the  equation  (7)  represent,  respectively,  in  Fig,  2, 
the  di.'itances  A  B,  A'B\  that  is,  the  projections  of  A  (',  A'C  on  the 
iixis  XX  ;  therefore,  those  two  projections  miLst  result  wjual  to  each  other 
in  the  dniwinjr.  ,,,,,..,  ,   ,,,  ;    ,, 


Gallium  Battery. — T.  Rcynauld  has  succee<led  in  making  a 
battery  of  licjiiid  and  s(»lid  gallium  by  means  of  a  metal  solution  oi 
gjdliiim  sulphate.  The  licpiid  metal  takes  the  place  of  zinc  ;  the  .<()lid, 
of  copper  ;  the  former  being  neg-ative  in  relation  to  the  latter. — 
ForUichr.  dcr  Zeit.  C 
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CONICAL  ARCHES  AT  SOUTH  ST.  BRIDGE,  PHILA.,  PA. 


By  D.  MoN.  Stauffee,  C.  E. 


The  Eastern  ajiproach  to  South  St.  Bridcre  in  this  city  is  made  up 
in  part  of  a  somewhat  peculiar  piece  of"  arch-masonry,  and  as  it  con- 
tains certain  novel  features,  that  might  be  applied  with  advantage  at 
other  points,  we  will  attempt  to  briefly  describe  it. 

The  centre  lines  of  South  St.  and  the  bridge  proper  intersect  each 
other  at  an  angle  of  33°  25'  necessitating  a  curve  in  the  approach 
from  the  East,  and  to  conform  in  design  Avith  the  "  late  lamented " 
Western  approach,  this  curve  was  pierced  by  three  arches. 

The  ordinary  practice  in  arches  on  a  curv^e  is  simply  to  widen  the 
pier  ends  towards  the  outside  of  the  circle,  and  leave  the  arches  them- 
.selves  "right  arches."  But  it  was  thought  here  that  the  work  could 
be  much  improved  in  apjicarance  and  a  considerable  saving  in  masonry 
and  foundations  attained,  by  leaving  the  piers  of  the  same  thickness 
throughout,  and  throwing  the  eccentricity'  into  the  arches,  and  to  this 
end  the  following  plan  was  determined  upon,  after  due  deliberation 
and  numerous  experimental  plans. 

The  foundations  of  all  the  masonry  in  the  Eastern  approach  were 
upon  hard  gravel — timber  platforms  supporting  the  masonry — but  as 
this  gravel  stratum  communicated  directly  with  the  river,  and  was 
from  12  ft,  to  15  ft.  below^  high  tide;  the  foundations  were  expensive, 
and  any  reduction  possible  in  their  extent  was  an  item  well  worthy  of 
consideration. 

The  roadway  of  the  approach  was  55  ft.  wide  from  out  to  out,  anti 
the  centre  line  of  the  curved  portion,  which  curve  was  entirely  occupied 
by  the  three  arches,  was  located  with  a  radius  of  169  ft.  6  in,  with  an 
included  angle  at  centre  of  33°  25'.  The  abutments  of  the  arches 
were  consequently  upon  the  tangents  to  the  curve. 

Each  one  of  the  two  arch  piers  was  55  ft.  long,  5  ft.  6  in.  thick, 
throughout,  and  12  ft.  high  from  foundation  to  the  springing  line  of 
the  arch.  The  material  iLsed  in  these  piers  was  Port  Deposit  granite, 
rock-face  ashlar,  cut  in  courses  of  from  17  in.  to  27  in.  rise,  with 
^'through  headei-s"  liberally  distributed   throughout  the  length  of  the 

*  A  paper  read  before  the  Engineers'  Club  of  Philadelphia. 
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pier.  TIr'  Skowback  and  copinjj:,  lormiiiii-  oiio  picir  was  of  Maine 
jjninitc,  lianmu'r-drcsscd,  an<l  nearlv  ev<'rv  (ttluT  .section  cxtendiMl 
acr»>s.«;  the  pier,  niakino;  a  donhlc  skcwhack,  the  s<.H'ti<»ns  avera«rin>^ 
4  ft.  in  width. 

The  eentrc   line  of  each    pier    \v:»s    liH'atcil   *in   a    radial    line   i»f  th»; 


r/i-y/ir/a*  of  n/ict/es 


\;f. 


curve,  the  side-  of  thr  pier  IxinL''  |tai"all('l  to  this  radius,  and  2',  W^ 
distant  from  it.  The  Itoundinp;  radii  ot"  the  curve  fell  in  Hkc  manner 
2'  !'"  inside  the  abutments,  inakin<:  the  phin  (»f  the  three  arches  <'»(nai, 
and  in  dimensions  as  lollows:  lOach  ai'cii  was  5o  it.  h)n>r,  the  ehord 
s|ian  at  the  inner  end  'I'l  ft.  1   in.,  ami  :il  llie  out<'r   end  '.\'l'  !>^'".      TIk.' 
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ri.se  of  the  art-li  wa.s  11  ft.  ^  in.   throughout,  the  springing  line  and 

crown  of  the  arch  being  both  horizontal. 

Tliis  arch  is  really  a  i)ortion   of  a  cone,  and  may  })erhaps  be  better 

described  a.s  follows:  The  line  of  the  croicn  of  the  arch  would  fall  in 

the  "slant  height"  of  the  cone,  and  the  plane  of  the  .yjriuf/inf/  line, 

would  be  a  plane  parallel  to  the  slant  height,  and  cutting  the  axis  of 

the  cone  at  the  point  which   represents  the  face  of  the  smaller  end  of 

the  arch,  thus  making  the  rise  at  that  smaller  end  equal  to  one  half  its 

chord  s])an.     The  ends  of  the  arch  were  cut  at  right  angles  to  the 

slant  height  of  the  cone, 

.  Fig.  2. 

and  would  be  theoretically 

ellip.ses,  but  in  this  case 
the  angle  made  with  the 
axis  of  the  cone  was  so 
nearly  90°  that  they  were 
treated  as  circular  arches. 
The  fact  that  the  spring- 
ing lines  were  actually 
the  flatter  portions  of  a 
parabola  —  instead  of 
straight  lines — was  in  like 
manner,  and  for  a  like 
iea.son,  disregardetl. 

The  .smaller  arch  was 
regarded  as  a  full  cen- 
tred arch  of  22'  1"  span 
and  irOi"  rise,  and  the 
other  as  a  "segmental" 
arch  of  32'  9|"  span, 
and  11'  OJ"  rise. 

Maine  granite  was  u.-^ed  for  the  ringstones  and  hard  burned  brick 
for  tiie  arch  i)roper.  The  brick  ring  was  24  in.  thick,  and  laid  in 
cement  mortar,  formed  of  one  portion  Rosendale  hydraulic  cement  and 
one  part  clean  sharj)  river  sand.  The  bond  ased  in  the  brickwork  can 
1>e  better  understood  by  an  examination  of  the  accompanying  Fig. 
2.  The  advantages  of  this  bond  were  as  follt>ws:  First  and  most 
importiint,  by  this  arrangement,  the  thickening  of  the  mortar  joint  as 
the  extrados  of  the  arch  was  approached  was  confined  to  the  length  of 
one  brick,  and  this  would  be  the  case  no  matter  how  thick  the  ring, 
Whole  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  14 
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2d.  The  arch  wii.-;  divideil  in  its  lengtli  into  a  series  of  true  voussoirs, 
tlu'  l)<»n(l  irpratin^  itself"  in  each  8  conrses.  And  3d.  Tlie  intrados  of 
the  arcli  \va.>^  unif(»rni  in  aj)}>earance,  the  hond  being  a  "header  and 
stretcher  Ixmd"  eve^^'where  ;  in  ciu<e  of  any  .settlement  and  conse- 
quent cracking  of  the  arch,  hricks  arranged  a.^  the.^e  were  could  not 
fall  out  of  the  arch  a.s  re;idily  ;u?  in  a  hond  formed  of  a  .sc/vV*  oi' 
headers  and  a  srrien  of  .stretchers  alternating,  a  common  form  of  arch 
ma.'ionrv. 

The  arch  centres  were  huilt  of  8"  X  8"  white  pine  tindx'r  and  2  in. 
})lank,  Ixilted  together  with  1  in.  l)olt<;  they  were  .spaced  5  ft.a|)art  fntni 
centre.^  of  rihs,  and  covered  with  a  2  in.  plane<l  lagging.  The  chord 
span  of  each  ril),  in  the  lengtli  of  any  one  arch,  was  (tf  c(»urse  differ- 
ent from  the  rest,  and  to  insure  accuracy  in  this  point,  each  ril)  was 
.struck  out  uj)on  a  platform  separately  and  framed  on  this  platform. 
The  ordinary  "(loui)le  wedge  and  key"  w:us  u.sed  in  striking  them. 

One  end  of  the  conical  arch  being  treated  as  a  "full  centre"  arch, 
and  the  other  as  a  ".segmental"  arch,  the  skewback  joining  them 
would  be  in  theory  a  winding  surface.  But  as  economy  of  cash  was 
the  governing  principle  in  this  work,  advantage  was  taken  of  the  use 
of  l)rick  in  the  arch,  and  the  skewl)ack  was  made  to  approximate  to 
theorv  bv  dropping  the  t(»|>  of  each  section,  say  every  four  feet,  one 
half  inch  below  its  neighbor,  and  cutting  the  face  of  the  skewback  to 
suit,  cut  without  a  "twist."  In  this  way  a  series  of  slight  steps  was 
formed,  pa-ssing  from  a  radius  of  2  ft.,  and  a  sine  of  10  in.  at  the 
segmental  end,  to  zero  or  a  hoi'izontal  ])lane,  three  feet  back  of  the 
full  centre  arch. 

As  the  ringstones  had  all  to  l>c  laid  on  lines  radiating  from  the  apex 
of  the  generating  cone,  the  angle  formed  by  the/r?cr  of  each  ringstone 
and  the  intrafloti  of  the  arch  w;ls  (»ne  uniformly  but  con.stantly  vary- 
ing from  the  key  to  the  sj)ringing  line.  The  keystone  wjis  the  (miy 
one  ill  wliicli  this  angle  was  just  5)0°.  In  the  segmental  arch  the 
angle  incrcasrfl  from  5)0°  at  the  crown  to  95°  20'  at  the  spring,  and 
at  the  fidl  centre  end  the  angle  drnrd.scd  from  J)0°  at  the  crown  to 
84°  40'  at  the  springing  line.  Each  ringstone  taken  in  the  direction 
of  its  length  was  wedge-shaj)ed,  with  its  face  wider  or  narrower  than  its 
back  as  it  wiu^  locatwl  in  the  segmental  or  fidl  center  end  of  the  arch. 

As  the  curved  portion  of  the  approach  was  finished  on  top  with  a 
finelvcut  granite*  coping  set  on  a  regular  curve,  the  ringstones  had  to  l)e 
laid  on  the  centres  to  fit  this  verticid   curve,  with   its  radii  of  197  ft. 
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and  142  ft.  respectively.     Tlie  versed  sine,  or  the  liorizontiil  di.stance 

between  tlie  extreme  point  in  the  liorizontal  curve  of  the  arch  face  at 

the  croicn,  and  a  chord  line  drawn  at  the  spring  of  the  arch,  was  at 

the  segmental  end  9  in.,  and  at  the  other  end  5  in.  nearly. 

All  the  granite  work  in  these  arches,  except  that  used  in  the  piers, 

wa.<  cut  at  the  quarries  in  Maine,  and  to  avoid  the  necessity  of  making 

and  shipping  a  zinc  pattern  to  conform  to  each  face  angle  in  the  two 

sets  of  ringstones  required,  the  following  i)lan  of  giving  these  angles 

was  devised.     It  was  simple  and  worked  well  in  })ractice. 

An    ordinarv    stone-cutter's  ^.     „ 

n    .     '  -1   1  Fig.  3. 

square  oi    iron    was   provided 

with  a  sliding  graduated  bar, 
and  a  sefc-screw  as  shown  at 
Fig.  .3.  A  separate  bar  with 
its  proper  graduations  .stamped 
and  numbered  upon  it  was 
provided  for  the  two  ends  of 
the  arch,  there  being  43  ring- 
stones  in  the  segmental  arch  and 
only  35  in  the  full  centred 
arch.  AVhen  used,  the  bar  was 
placed  at  the  top  of  the  square 
when  the  face  angle  decreased 
from  a  right  angle,  and  at  the  bottom  when  this  angle  was  more  than 
90°.  As  each  stone  was  cut  it  had  a  number  and  a  letter  painted  upon, 
denoting  its  position  in  the  arch,  so  that  they  were  readily  put  in  place. 
We  should  add  that  as  the  angles  varied  uniformly,  a  length  on  the 
bar  cfjual  to  the  tangent  of  the  angle  of  greatest  variation,  from  a  per- 
pendicular to  the  bed  of  the  stone,  with  a  radius  of  two  feet,  was  divided 
into  as  maKh'  parts  as  there  were  ringstones  between  the  springing  line  and 
the  key.  The  ringstones  Avere  rock  face  with  Ih"  draft,  and  the  offset 
between  any  two  adjoining  ring.stones  was  so  slight  that  no  attemj)twas 
made  to  conform  to  the  winding  face  surface  that  theor}-  required. 
The  "pointing"  was  so  managed  as  to  hide  the  slight  variation  that 
did  exist.  The  bed  of  the  ringstone  was  first  cut  to  a  zinc  pattern, 
then  the  build,  and  finally  the  face  angle  obtained  with  the  square  as 
above  described. 

The  haunching  of  the  arches  was  built  of  well-bedded  lime  stone 
from  the  Conshohocken  quarries,  laid  dry,  and  thoroughly  grouted, 
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with  one  part  Rosendale  cement  to  two  part.-^  <»f  sharp  .siind,  at  every 
2|  ft.  in  height.  The  foundations  were  <»f  the  sinne  stone,  laid  in- 
cement  mortar. 

From  the  foregoing  description  it  will  be  seen  that  strict  theory  was 
in  all  ca.ses  sacrificed,  whenever  it  could  be  done  without  injury  to  the 
stability  of  the  work,  and  much  money  was  saved  thereby.  The  final 
result  wjus  a  piece  of  arched  work  that  has  stood  perfectly  in  all  its 
part^,  and  while  possessing  many  advantages  in  apj)carancc,  really  cost 
less  than  the  more  clumsy  form,  often  ado[)ted  in  similar  cases. 


GRAPHIC  FREIGHT  DIAGRAMS. 

At  the  meeting  of  the  Franktui  Institute,  Mr.  P.  H.  Dudley  pre- 
sented his  method  of  constructing  diagrams  showing  graphically  the 
cost  of  moving  freight  for  a  particular  railroad,  of  which  the  following 
is  a  brief  description :      ■       '' 

The  general  biusis  of  estimjite  oeihg  the  cost  of  moving  the  entire  ton- 
nage of  freight  cars,  locomotives  and  cabooses,  of  the  freight  de})art- 
ment,  for  one  year. 

The  expenses  of  doing  the  business  of  a  railroad  were  considered  a» 
formed  by  the  operation  of  two  distinct  principles,  viz. : 

1st.  Tiiose  which  were  indej)endeut  of  the  volume  of  business  done, 
such  as  expense  of  orgsmization  for  a  prospective  businoss,  interest  on 
debts,  taxes  and  the  general  depreciation  of  the  plant  by  natural  causes, 
which  were  termed  j)ermanent  operating  expenses. 

2d.  Those  M'hich  were  dependent  upon  the  amount  of  business  done, 
such  as  fuel,  repairs  to  plant  due  to  service  antl  increased  help,  which 
were  termed  direct  operating  expenses.  Owing  to  ditt'erences  in 
organization  and  method  of  doing  business,  each  railroad  ^ill  vary  in 
some  of  the  details  of  chussification. 

The  various  expenses  per  ton  per  ^lile,  so  classified,  were  plotted  on 
cross  section  paper,  the  abscissae  or  horizon  till  lines  representing  the 
t«nmage,  and  tiic  ordinates  or  vertical  lines  the  cost  in  dollars  and 
cents,  each  noted  per  car.  Taking  the  direct  operating  expenses  per 
ton  per  mile,  and  plotting  the  results,  the  ordinates  increitse  regularly; 
drawing  a  line  through  them  it  rises  obliquely  from  the  axis.  Now, 
plotting  the  sum  of"  the  average  permanent  and  direct  operating 
expenses  per  ton  per  mile,  and  also  a  rate  ]jer  ton  per  mile,  we  have 
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a  meaus  of  comparing  the  rate  with  the  cost  per  ton  per  mile.  When 
the  plotted  rate  line  falls  entirely  below  the  direct  operating  expenses 
for  the  usual  length  of  train,  then  all  business  is  done  at  a  loss,  con- 
.sequently  the  greater  the  volume  the  greater  the  loss.  When  the 
rate  line  is  below  the  two  expense  lines,  then  the  excess  above  the 
direct  operating  expense  line  tends  to  reduce  the  permanent  operating 
expenses  (which  must  be  entirely  overcome  before  any  net  earn- 
ings are  made)!  In  this  case,'  the  greater  the  volume  of  business 
the  less  the  loss.  Any  special  basiness  which  gives  a  rate  over  the 
direct  operating  expenses  should  be  considered.  When  the  plotted  rate 
goes  above  the  sum  of  both  expense  lines,  the  excess  shows  the  net 
earning  per  ton  per  mile,  based  upon  a  like  volume  of  business.  If  the 
volume  has  increased,  the  permanent  operating  expenses  will  be 
decreased,  but  when  the  volume  is  decreased  the  expenses  will  be 
increased  per  ton.  r  ^-^  i  4.  i 

When  the  cars  are  to  be  returned  empty,  the  direct  operating 
■expenses  of  moving  both  ways  must  be  added  together  and  plotted  as 
for  one  way.  On  foreign  cars,  the  car  :  sery^ce ,  must  be  added  before 
comparing  with  the  rate  line.  The  distribution  of  expenses  by  the  car 
for  trains,  gives  curved  lines  showing  that  \vithin  the  limit  of  train 
lengths,  the  expense  de(j*eases  per  car.  /iDhe' oblique  lines  also  show 
the  economy  of  long  trains,  as  each  car  tends  to  reduce  the  cost  of  mov- 
ing the  tonnage  of  the  locomotive  and  caboose.  Various  items  of 
expense  are  plotted  in  detail.  A  difference  of  yoVo  ^f  a  cent  in  the 
rate  will  show.  Many  of  the  elements  of , the  expenses  were  determined 
bv  the  use  of  the  dvnograph.  \  r 

■ -'  ■     '   --"olq  01  ?■■■ 

Stability  of  Verticals. — Mouchez  and  Gaillot,  the  astronomei-s 
who  computed  the  intra-Mercurial  orbits  which  agreed  so  closely  with 
harmonic  prediction,  have  turned  their  attention  to  the  mooted  ques- 
tion whether  vertical  lines  are  changeable.  As  a  preliminary  result, 
they  find  that  there  are  extreme  differences  of  nearly  a  second  of  arc ; 
that  the  variations  from  the  mean  are  greatest  in  summer  and  in  win- 
ter ;  that  they  are  probably  due  to  temperature,  cither  through  influ- 
ences on  the  instruments  or  on  astronomical  refractions.  The  researches, 
which  are  very  delicate,  are  still  in  progress  at  the  Paris  observatory'. — 
iJomptes  Rendus.  C. 
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Continuous  Railway  Brakes. — In  the  course  of  hi.s  experi- 
ments with  railway  brakes,  Captain  Dinijlcs  Dalton  lia.s  anionj^  other 
thin*^  elearly  i)rove(l  that  the  brake  force  re([uire(l  to  i)ro(luce  tlie 
maximum  etlect  varies  according  to  the  .speed.  It  must  be  very 
great  when  fii-st  applied  and  then  must  be  reduced  a.s  the  speed 
decrciuse-s  so  that  skidding  may  be  avoided.  He  also  conclude<l  that 
this  could  best  be  accomplished  hy  utilizing  the  friction  between  the 
brake  blocks  and  the  wheels,  for  regulating  the  })re.ssure  by  which 
that  friction  was  j)roduced.  Quite  recently  he  has  made  some  experi- 
ments with  a  new  valve  design  by  Mr.  Westinghousc,  for  the  pur- 
pose for  retlucing  the  pressure  and  .set  in  action  by  the  brake  pressure. 
This  valve*  was  found  to  give  very  promising  results,  and  to  reduce 
the  pressure  in  accordance  w'ith  the  rcipiirements,  except  at  the 
la-st  moment  before  the  train  was  brought  to  rest,  when,  in  cou.se- 
"luence  of  the  discharge  ai)erature  being  rather  too  small,  the  air  could 
not  esciipe  from  the  i)rake  cylinder  (juite  (juickly  enough  to  avoid  in 
every  ca.>^e  a  slight  linal  jerk.  In  the  former  exi)eriments  the  best 
results  could  only  be  obtjiined  by  carrying  the  exact  amount  of  pres- 
sure which  was  recpiircd  for  the  speed  from  which  the  sto[>  was  made,, 
and  which  in  every  case  had  been  previously  determined  ;  and  the 
[)ressure  was  reduced,  as  the  train  speed  fell  by  the  mani])ulation  of  the 
temporary  reducing  valve.  When  the  initial  pressure  was  accidentally  too- 
high,  or  when  it  wtis  not  reduced  .soon  enough,  skidding  was  always  [)ro- 
duced,  with  corresponding  loss  of  efficiency.  In  the  present  experiments, 
it  was  found  that,  however  great  the  initial  air-pressure,  the  new  valve 
would  not  allow  too  much  force  to  be  exerteil  against  the  blocks,  so- 
that  an  initial  pressure  which  in  ordinary  circumstiuices  would  have 
produced  immediate  skidding  was  rendered  unable  to  do  .so.  The 
diagrams  of  the  brake-block  pressure,  taken  with  the  valve  in  use,. 
show  exactly  the  force  re(iuired  at  all  speeds,  or  the  very  point  which 
it  was  hopetl  might  be  determinetl  by  the  earlier  ex|)eriments.  By  the 
use  of  this  simi)le  eontrivance,  maintained  in  action  by  the  friction  ot 
one  of  the  brake  blocks,  more  information  has  been  gained  in  a  single 
day  with  regard  to  the  amount  of  braUe  power  which  should  be 
api>lied  at  any  given  .speed  than  in  the  whole  of  the  former  experi- 
ments, which  werecontimied  over  nine  days.  Twelve  stops  were  made 
by  slipi)ing  the  van  from  the  engine,  and  the  reducing  valve  was 
changed  several  times,  so  as  to  be  opened  by  a  greater  or  less  amount 
«if  friction.     The  results  obfciined  were  as  follows  : — Speed   in   miles. 
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per  hours,  and  yards  run  before  stopping — 45  and  96  ;  53  and  171  ; 
55  and  171  ;  55  and  141  ;  60  and  171 ;  60  and  167 ;  62  and  176  ; 
54  and  227;  55  and  195;  57  and  206;  57  and  223;  60  and  214. 
The  last  five  stops  on  the  above  list  were  made  with  the  valve  so 
adjiLsted  as  to  be  opened  bv  a  brake-block  friction  which  would  not 
})roduce  skidding  even  on  a  wet  rail,  while  in  all  other  cases  it  was  so 
adjusted  as  to  prwluce  the  greatest  amount  of  retardation  on  a  dry 
rail.  The  action  of  the  valve  was  such  as  to  render  it  apparent  that 
its  employment  in  ordinary  traffic,  when  perfected  for  this  purpose, 
would  be  of  great  practical  utilitA%  The  air  was  heard  to  escape  con- 
tinually, and  the  valve  was  highly  sensitive.  If  an  appliance  of  this 
kind,  so  simple  in  its  construction  and  so  certain  in  its  operation,  were 
attached  to  every  vehicle,  and  were  so  set  as  to  open  before  the  adhesion 
attainable  on  a  w^et  rail  was  exceeded,  it  would  become  immaterial 
whether  the  driver  maintained  only  a  certain  pressure  for  a  certain 
speed,  or  whether  he  carelessly  applied  his  brake  with  a  high  pressure 
when  running  at  a  low  speed.  The  valves,  already  adjusted  for  the 
required  amount  of  retardation,  would  act  of  their  own  accord,  and 
would  only  allow  the  jj roper  degree  of  pressure  to  be  exerted  by  the 
brake-blocks.  The  stops  would  then  always  be  made  within  given 
distances  for  given  rates  of  speed. — Iron.  ""■'- 

Telegraphing  to  Running  Trains. — C  M.  Garicl  describes  the 

succes-^ful  workiny;  of  Baillehachc's  invention  for  siirnallintr  to  and 
from  trains  in  motion,  on  a  part  of  the  line  which  connects  the  Champs 
de  Mai's  with  the  station  at  Grenelle.  The  experiments  were  so  suc- 
cessful that  they  are  likely  soon  to  be  repeated  on  a  much  larger  scale. 
— Im  Nature.  C". 

Changes  of  Spectra. — If  a  small  quantity  of  mercury  is  placed 
in  a  hydrogen  Geissler  tube,  E.  Wiedeman  finds  that  an  induction  cur- 
rent gives  the  hydrogen  spectrum  at  ordinary  temperature.  But  if 
the  tube  is  warmed  in  an  air-bath,  as  the  temperature  rises  the  mer- 
cury lines  aj)pcar,  while  the  hydrogen  lines  grow  fainter  and  finallv 
disjippear.  If  a  tul)e  of  hydrogen  and  nitrogen  is  warmed  at  an\- 
jKjint,  so  as  to  free  sodium  or  other  metals  from  the  glass,  the  hvdro- 
gen  and  nitrogen  lines  vanish  almost  entirely  while  the  lines  of  the 
metal  a])pe<ir.  Does  the  hydrogen  disappear,  or  is  it  traJismuted  into 
some  other  substance? — Co/npte.s  Be)idiu'<.  C. 
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American  Bridge-building. — Jn  an  address  upon  tlie  public 
works  of  the  United  States,  M.  Male/ionx  i-oniplinK'nt.s  the  American 
eni;incei*s  u})(>n  their  skill  in  buiklinj!;  l)rid<re.s  ot*  larj^e  sptin,  and  says 
that  all  other  natioiLS  may  borrow  many  useful  liintB  frtun  them  in 
reirard  to  the  u.^e  of  (•oni])re.><scd  air  in  lavinji;  foundations. — .1/)/).  f/f.s 
Po)if.s  ct  ( 'hdiiss.  ('. 

Interesting  Experiment. — On  the  4tli  of  August,  Pasteur  en- 
closed some  vine-sets  in  hot-beclsj  almost  hermeticaJly  sealed.  The 
grapes  ripened  about  Oct.  lOth.  (inipcs  tliat  had  ripened  in  the  open 
air  fermented  in  less  than  48  hours,  in  a  temj)erature  varying  between 
25°  and  30°  (77°  to  86°F.),  but  those  that  ripened  under  gla.ss  remained 
unchanged.  This  result,  which  had  been  predicted  by  I^asteur,  lends 
strong  confirmation  to  his  views.: — Comptca  li()i(li(t<.  C. 

Japanese  Coal  Beds.' — The  Japmiese  government  hits  offereti  a 
liberal  subvention  for  the  development  of  the  coal  basin  in  the  island 
of  Yesso,  where  the  supply  is  said  to  be  sufficient  to  furnish,  for  a 
thousand  years,  as  much  as  is  now  mined  in  (Jreat  Britain.  The 
api>reheMsion,  which  is al ready  tclt  from  the  com|)etition  of  the  Mongolian 
races,  will  be  still  nmre  reasonable  when  they  have  felt  the  full  use  of 
the  principal  element  of  European  industrial  wealth. — />f.s  MondcM. 

c. 

Delicate  Measurements  of  Contacts. — U.  M.  Goulier  states 

that  if  the  eye  is  so  placed  :is  to  See  the  ivory  point  of  a  Fortin  bar- 
ometer in  the  same  direction  as  the  image  of  the  cap  which  the  mercury 
reflects,  while  the  rest  of  the  surface  reflects  the  sky,  the  naked  eye 
<'an  readily  distinguish  the  slightest  indcntiition  of  the  point  into  the 
mercury.  By  experiments  with  a  vertical  micronietrie  vise,  he  found 
that  he  could  estimate  the  contacts  within  less  than  .,,V,y  of  a  millimeter 
(•OOOl;}  in.). —  ('oiH//tes  Rcmfiis.  ( '. 

Ancient  Milanese  Aqueducts. — In  making  excavations  for  a 
new  .system  of  sewerage,  K.  Bignami  Sorniani  has  found  well- 
preserved  remains  of  two  ancient  acpiedncts,  which  were  evitlently 
ii<cd  for  conveying  fresh  water,  probably  for  the  suj)ply  of  foiujtains 
and  other  <lome.stie  iLses  in  early  palaces  or  villas.  The  pipes  are  of 
terra-cotta,  and  Sormani  is  incIin(Hl  to  refer  them  to  the  time  of  the 
Roman  Emj)irc,  the  form,  m<Kle  of  construction  and  g<'neral  details 
being  indicative  of  a  great  antiquity. — //  Pofiterniro.  C. 
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Soluble  Glass  in  Bronzing. — Bottger  varnishes  objects  of  wood, 
porcelain,  gkuss  or  metal  with  soluble  glass  and  then  shakes  bronze 
powder  over  them. — Dinglei'\s  Journal.  C 

Bleaching  Diamonds. — Ch.  Riballier  recommends  heating  grey 
or  brown  diamonds  with  carbonate  of  lime  and  powdered  coal  in  air- 
tight crucibles,  and  allowing  them  to  cool  slowly. — Ding.  Jour.     C. 

Rotating  Steam- Engine. — A.  MUller,  of  Cologne,  connects  a 
number  of  turbines  in  a  common  casing,  the  diameter  of  the  turbines 
g:radually  increasing.  The  steam  enters  the  smallest  and  escapes  from 
the  largest.  This  contrivance  is  said  to  be  very  economicid  either  for 
steam  or  under  a  head  of  water. — Dingler's  Journal.  C. 

Retention  of  Heat. — M.  Degrenibnt  glues  upon  cloth  a  series 
of  small  segments  or  rods  of  wood  to  form  a  sheathing  for  steam 
pipes.  It  has  the  advantage  of  being  easily  removed  and  replaced, 
which  is  not  the  ca.se  with  most  heat  retainers.  Small,  round-headed 
nails  are  used  to  prevent  contact  between  the  wood  and  the  pipe,  and 
to  enclose  a  layer  of  air  between  the  pijie  and:  the  sheathing. — Bull. 
.  /h  la  Soc.  cCEncour.  ji:.';:-;  C. 

A  New  Element. — Marc  Delafontaine  announces  the  discovery 
of  the  oxide  of  a  new  metal,  to  which  he  gives  the  name  of  Phili})pium 
{Pp.]  in  honor  of  his  benefactor,  Phillipe  Plantamour,  of  Geneva,  the 
friend  and  pupil  of  Berzelius.  He  is  pursuing  a  comparative  study 
of  the  compounds  of  Philippium  and  of  Terbium,  and  he  proposes 
soon  to  publish  a  memoir  in  which  he  will  describe  the  processes  of 
preparation  and  ])urification.  —  Conipte.'i  Rendus.  C. 

A  Silver  Mill  in  the  Clouds. — The  largest  and  best  arrange<l 
silver  mill  ever  made  has  been  lately  built  by  the  Pacific  Iron  Works, 
of  San  Francisco,  for  the  Cerro  de  Paseo  Mining  Company,  in  Peru. 
It  has  80  stamps,  weighing  900  lbs.  each  ;  44  five-foot  amalgam-j)ans ; 
22  nine-foot  reservoirs,  with  all  tlie  belongings  of  the  newest  and  best 
kind.  It  is  made  in  sections,  with  no  single  ])iece  heavier  than  oOO  lbs., 
because  it  must  be  carried  by  mules  over  very  steep  paths,  about  150 
miles  ea.st  of  Lima,  to  a  height  of  more  than  14,000  feet.  There  are 
17,000  pieces  altogether,  having  an  aggregate  weight  of  over  600  tons. 
Tlie  whole  mill  was  built  and  shi[)ped  inside  of  fifty  days.  The  Cerro 
tie  Piuseo  mines  are  the  richest  and  most  famous  in  the  world,  having 
iilreadv  vielded  more  than  $500,000,000  worth  of  silver. — Der  Techniker. 

C. 
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Large  Steam-Pump. — Pittsburgh  ha.s  the  largest  steam-pump  ii> 
the  world.  It  weighs  1500  tons,  cost  $42:^,350,  and  pumps  14,240,- 
000  gallons  of  water  per  day.  Those  next  in  size  are  one  at  the 
Lehigh  Zinc  Mines,  with  a  service  of  3,450,000  gallons,  and  tiie 
two  Chicago  |)umj)s,  with  a  service  of  4,500,000  gallons. — J)er 
Tcelinih'i:  C. 

The  Microphone  as  a  Thief- Catcher. — An   Englishman  ii» 

India,  finding  that  his  oil  disapj>cared  with  wonderful  rapidity,, 
attiiched  a  micn)j)hone  to  the  can,  with  a  wire  leading  to  his  IkhI  (cham- 
ber. Soon  after  he  had  (closed  the  house  for  tlie  night,  he  heard  a  gurg- 
ling noise,  and,  rumiing  (juickly  down  stairs,  he  cauglit  the  thief  in  the  act 
of  filling  iiis  own  fi;tsk  from  the  can. —  Drr  Tcohnike):  C. 

High  Trees. — The  highest  se(}Uoia  tree  in  the  United  States  is  in 
Calaveras  grove,  near  Stockton,  Calif(»rnia.  It  is  .'i25  feet  high.  A 
i'U(-aly[)tus  was  once  felled  in  Australia  which  was  500  feet  high,  with  a 
cireiunference  of  only  nine  feet.  Near  Fern.shaw,  in  the  Danderong 
District,  ^'ictoria,  an  "almond-leaf  gum"  (cucd/i/jifKs  (i)iii/(/(l(i/rs!ii.s) 
luLs  lately  Ik'cu  tbund  which  meiusures  o.SO  feet  from  the  ground  to  the* 
first  branches  and  450  feet  to  its  top,  thus  exceeding  the  California 
tree  by  125  feet. — Dn-  Tech >\i her.  C. 

Constitution  of  Nebulae. — In  the  "Investigations  upon  the 
height  of  the  atmosphere  and  the  constitution  of  gasiform  cosmical 
bodies,"  A.  Kitter  deduces  the  following  law:  "  If,  in  conse([Uence  of 
increa.se  or  diminution  of  heat,  the  radius  of  the  gaseous  globe  under- 
goes a  change,  the  tem|)erature  of  its  centre  also  changes  ;  but  the 
|)r(>(hict  of  the  radius  into  the  central  temperature  is  constant."  If" 
/,»,  r,  7',  resjH'ctively,  (U'signate  the  |)ressure,  s|)ecific   volume  and   al)so- 

lute  temperature    of  a   definite,    minute    porti<tn   of    the  l)ody,  jtr  •*  = 

crmstant ;  7V''  =coustant;  — =constant.     Since  Xeptime's  orbital  raduis 

J'  . 

is  about  (),()()()  times  as  great  as  sun's  j)resent  radius,  according  to  the 

above  law  the  sun's  central  temperature  is  now  about  G,000  times  as 
great  as  when,  according  to  the  Kant-La])Iace  hypothesis,  the  sun  wa.s 
expanded  to  the  orbit  (»f  Xej)tune.  Of  the  whole  work  which  has 
been  performed  by  gravity  during  that  immense  interval,  more  than 
f(tur-fifths  is  still  stored  within  the  sun's  mass  in  the  form  of  heat. — 
An)i.(l<'r  P/ii/s.  II.  ('/lem.  C. 
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Purification  of  Fatty  Waters. — Prof.  F.  Hetet  has  described 
his  automatic  apparatus  for  the  purification  of  fatty  waters  by  lime  water 
both  for  the  purification  of  boilers  and  for  making  distilled  water  drink- 
able. The  French  Navy  Department  has  adopted  his  method  for  all 
boilers  with  surface  condensers. — Bull,  de  la  Soc.  (VJEnconr.  C. 

Parallel  Pincers. — Robert  Muencke,  in  Dingler^s  Journal  (1878^ 
230,  36),  describes  a  useful  contrivance  for  holding  retorts,  alembics,, 
tubes,  etc.,  in  chemical  laboratories.  They  are  made  on  the  principle 
of  the  parallel  vise.  Their  close  grip  and  the  various  uses  to  which 
they  may  be  applied  will  doubtless  give  them  a  wide  popularity.  C. 

Harbor  of  Alexandria- — Alexandria  has  the  largest  artificial 
harbor  in  the  world.  The  outer  breakwater  is  two  miles  long ;  a  tongue 
of  land  curves  around  the  harbor,  so  that  there  is  no  exposure  to  the 
winds  and  waves,  except  thp  straight  and  deep  canal  which  serves  as 
an  entrance.  The  solidity  of  the  breakwater,  quays  and  jetties  doe& 
great  credit  to  the  contractors,  who  finished  the  whole  in  eight  years. 
— Les  Mondes.  C. 

Stability  of  Molecular  Systems. — In  discussing  the  constitu- 
tion of  matter,  Wurtz  describes  the  various  movements  of  vibration, 
rotiition,  gliding,  rectilinear  progression  and  orbital  revolution,  to  which 
the  atoms  and  molecules  of  all  bodies,  solid,  liquid  and  gaseous  are  con- 
tinually subjected.  To  the  question  whether  all  these  varied  and  con- 
tinual motions  are  not  sources  of  instability,  he  answers :  Quite  the 
reverse.  If  the  atomic  aggregations  were  immovable,  they  would  be 
more  unstable  than  they  are  while  moving ;  the  familiar  example  of 
the  bicycle  illustrates  the  influence  of  motion  on  the  stability  of  equil- 
il)rium, — Bib.  8ci.  Internal.  ^  C 

AUotropy  of  Metals. — M.  Schutzenberger,  in  his  investigations  of 
the  different  molecular  states  of  metals,  finds  that  other  metals  than  anti- 
mony, especially  co})per,  lead  and  silver,  take  allotropic  forms  when 
precipitiited  from  saline  solutions,  by  electrolysis  or  otherwise.  He 
predicts  that  this  will  prove  to  be  the  case  with  a  large  majority  of 
metals.  The  less  active  and  more  stable  modification  is  formed  at  the 
expense  of  the  other,  with  loss  of  heat,  like  red  phosphorus  from  ordi- 
nary phosphorus,  or  oxygen  from  ozone.  Allotropic  copper,  when  oxy- 
dizing  in  the  air,  takes  brilliant  rainbow  hues,  which  may  have  a  val- 
uable indastrial  application. — Bull,  de  la  Hoc.  d^Encour.  C. 
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Interpretation  of  Imaginary  Roots. — M.  Appell  shows  that, 
in  s(»iiu'  rases,  the  iniaginarv  roots  of  tinu'-eqiiations,  in  mechanics, 
represent  a  sini[)le  reversal  of  the  direction  of  the  constant  force. — 
<  'oniptes  Renihia.  '  C. 

Renewal  of  Files. — The  application  of  Tilghnmn's  sjind-blast  Ui 
the  restoration  of  worn-out  files  is  becomin<^  very  general  in  EnroiM?. 
A  file  of  moderate  dimensions  requires  only  three  or  four  minutes  for 
renovating.  The  ])rocess  can  be  repeateil  many  times  before  the  files 
need  to  be  recut,  and  the  sand-blast  sharpening  husts  six  times  as  long 
;is  any  other.  The  sand  should  be  very  fine  and  driven  with  grejit 
velocity. — L<t  (idriid  Jn(hi.'<(ri((I.  C. 

Early  Snow. — "  The  oldest  inhabitant  "  of  Vienna  does  not 
remember  so  heavy  a  snow-fall  in  the  early  part  of  November,  as  that 
of  the  ])rcsent  sei\son.  The  squall  began  soon  after  midnight  and  con- 
tinued through  the  whole  day  of  Nov.  .3.  liy  11  A.  M.  it  was  almost 
imp()ssil)le  t<»  move  in  the  streets.  In  the  public  gardens,  at  the  Prater 
:ind  on  the  Ring,  the  havoc  was  fearful,  and  many  of  the  beautiful 
trees  of  the  Ringstrasse  were  seriously  injured.  Many  of  the  ca.st  iron 
telegraph  |)oles  were  thrown  down,  and  one  of  thcru  killed  a  [ntsscr-by. 
Telegraph  wires  were  broken,  and  on  some  of  the  lines  communication 
was  intcrru[)ted  for  several  days. — Les  Mondes.  C. 

Electro- Chemical  Action  Under  Pressure. — In  a  series  of 

::ii»»»ut  oO  experiments,  each  of  which  continued  for  several  hours,  and 
<luring  which  [)ressures  of  100,  200,  .'iOO,  etc.,  atmospheres  were  main- 
tained, A.  Bouvet  found  the  following  laws:  1.  The  decomposition 
"if  water  by  a  current  is  in(l('])cndcnt  of  its  pressure.  2.  The  (|uantity 
<if  electricity  necessary  to  decompose  a  given  weight  of  water  is  sensi- 
bly the  same,  whatever  may  be  the  j>ressure.  The  laws  are  in  perfect 
accordance  with  the  mechanical  thef>rv  of  heat,  the  work  being  repre- 
sented bv  the  formula: 

H(\   0(1  J    /-r/r  Y, 

T,  work;  \',,  final  volume;  V,  volume  of  compressed  gas;  I*,  pres- 
sure. Rouvet  claims  to  have  pointed  out  the  principles  of  Cailletet 
and  I'ictet,  in  a  memoir  addressed  to  the  French  A«ulemy  Oct  8, 
l!S77. — ( 'out j >((:"<  liruthis.  C. 
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Registering  Electrometer. — The  quantities  of  atmospheric  elec- 
tricity and  terrestrial  magnetism  are  so  minute  that  they  have  hitherto 
been  measured  by  delicate  apparatus  and  recorded  l)y  photography,  a 
process  which  Ls  very  costly  and  often  unsatisfactory.  Mascart  has 
invented  a  mechanical  register,  to  accompany  Sir  Wm.  Thomson's 
electrometer,  which  gives  admirable  results.  It  can  be  connected  with 
various  other  instruments. — La  NatUr^J^^^  Juo-mo  q 

Gypsum  in  Cement. — During  the  past  decade,  the  use  of  Gyp- 
sum for  the  improvement  of  ill-burnt  Portland  cement  has  attracted 
some  attention.     F.  Schott  gives  the  following  results  of  experiments  : 

Tenacity,  after  7  day* 


Weight. 

Air. 

Water, 

Pure  cement,                                                          100 

10-5 

8 

"         "         with  1  p.  ct.  unburnt  gypsum,   115 

14-0 

— 

"    S^ftif  nooa  ffhpd  ilmYpo  sal20 

18-0 

10 

"  au'Saead'burrit    "          112 

11-0 

— 

"              "                   ^fviBo  -iMr!':       "                    "                113 

12-5 

— 

"         "             "    Spartssand^                        

8-0 

(> 

"    3/i  'fL9uJ1<feap.ct.u.b.gyp. 

13-0 

7 

— Dingier^ 8  Journal.   ,,\\  V>  srio  Ivk;    i    ■ 

C, 

o  j)fco8  no  brijj  .rw/loid  b' 
Spectral  Investigations. — E.  Wiedemann  has  studied  the  spectrum 

of  mixed  giises,  especially  in  Geissler  tubes,  with  a  view  to  extending 

the  theory  of  spectral  Imes  and  bands.     The  rotary  and  oscillatory 

movements  of  the  atoms  and  molecules  appear  to  produce  periodical 

vibrations  in  the  surrounding  luminiferous  a;ther,  and  the  harmonic 

arrangements  which  have  been  pointed  out  in  the  lines  of  many  of  the 

chemical  elements  are  probably  due  to  those  vibrations.     The  transfer  of 

electricity  from  particle  to  particle  differs  in  different  substances,  so  that 

only  certain  portions  are  illumined  by  the  mere  passage  of  the  spark. 

ThLs  fact,  together  with  some   phenomena  of  fluorescence,  serves  to 

prove  that  the  oscillations  of  the  aethereal  envelopes  can  be  exerted 

without  increasing  the  living  power  of  all  the  particles,  as  would  be 

necessary  according  to  the  Kinetic  theory  of  gases.     In  order  to  test 

this  hypothesis,   Wiedemann   has  begun  a  series  of  experiments   in 

which  the  temperatures  of  the   discharges  in  Geissler  tubes  will  be 

determined  under  various  circumstances. — Ana.  der  Fhys.  u.  Chem.      C. 
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Swiss  Coal. — Switzerland  has  liitherto  been  obliged  to  ini})ort  all 
its  eoal,  but  a  bed  ha.^  been  latt'ly  diseovered  at  Sonnenberg,  near 
Luzerne.  It  is  in  the  oldest  tertiary,  and  contains  two  veins  of  about 
3000  metres  (1"864  miles)  in  length.  It  is  of  excellent  quality,  and 
the  beds  are  thick  enough  to  be  favorably  worked,  averaging  about 
1  metre  (39-.37  inches).  Four  galleries  have  l>een  opened  alrciidy,  and 
;i  fifth  is  under  way. — Les  Moiules.  C. 

The  Earth  Speaks. — 1"  June  last,  Palmieri  first  observal  that 
the  seismograph,  with  the  aid  of  a  transmitting  microphone  and  a 
receiving  telephone,  enables  the  ear  to  hear  the  vibrations  of  the 
ground.  Rossi  subsecpiently  experimented  with  a  more  delicate  appa- 
ratus, and  at  each  manifestation  of  the  voh^anic  eruption  he  heard  the 
same  sounds  in  the  agitated  soil.  The  two  professors  have  repeated 
their  obscrvati«)ns  at  Pozzuoli  and  8olfatara,  with  the  siune  results. — 
Roma.  C. 

Ytterbium. — In  continuing  his  analysis  of  gadolinite,  Marigna<' 
finds  that  Erbium  contiiins  two  distinct  oxides.  One  is  of  a  pure 
rose  color,  with  a  very  characteristic  ab.^orption-spe(.'trum ;  the  other  is 
white,  its  salts  are  colorless,  its  nitrate  is  decomposed  by  heat  without 
<'oloration,  its  solutions  show  no  absorption  rays,  it  is  not  easily  attacked 
by  acids,  and  its  ccpiivalent  is  relatively  high.  He  proposes  that  the 
first  shall  retain  the  name  of  Erbium,  and  the  latter  shall  be  called 
Ytterbium. —  Compies  Ren<his.  C. 

Electrization  of  Plants. — On  July  30,  1877,  M.  Cell  j)lanted 

three  kernels  of  maize  under  each  of  two  bell-ghusses.  The  weight  of 
the  kernels,  the  kind  of  earth,  and  the  quantity  of  water  supplied 
<laily,  were  equalized  as  nearly  ;is  possible.  On  Aug.  1,  the  kernels 
sprouted.  During  two  days  the  growth  was  ne^irly  the  same,  under 
both  gla-sses.  On  the  third  day  the  plants  in  electrized  air  began  to 
<leveloj>  mon^  ra])idly  than  the  other.  On  Aug.  10  the  following 
measurements  were  tiikcn,  from  the  base  of  the  stalk  to  the  extremity 
of  the  upper  leaves  : 

Plants  in  electrized  air,  .  .         17  cm.  (6'69  in.) 

"       "  ordinary    "  .         .  8    ''     (3-15  in.) 

— Comptes  Rendus.  C. 
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Decipiuni- — 1«  continuing  his  researches  upon  samarskite,  Dela- 
Ibntaine  reports  the  discovery  of  a  new  metal  which  he  calls  decipium 
(from  decipiens,  deceitful).  This  metal  possesses  many  of  the  proper- 
ties which  are  common  to  cerite  and  gadolinite.  He  believes  its  color 
to  be  white,  although  he  has  not  yet  sejiarated  it  sufficiently  from  did- 
ymium  to  be  positive  on  this  point.  Its  sidts  are  colorless  by  them- 
selves ;  the  acetate  crystallizes  very  readily  and  appears  to  be  less 
.soluble  than  that  of  didymiuni  but  more  so  than  that  <tf  terbium. — 
Comptes  Bendns.  C. 

American  Cartridges. — The  Americans  excel  all  other  nations  in 
the  quality  of  their  cartridges.  The  superiorit\'  is  due  in  part  to  the 
alloys  which  they  use,  in  part  to  the  machinery,  and  in  part  to  the 
:skill  of  the  workmen.  The  Russian,  French,  German  and  Turkish 
Governments  have  sent  official  experts  to  study  the  American  methods 
and  intelligent  meclianics  to  Avork  in  the  Americiin  factories  as  jour- 
neymen. But  the  result  has  not  been  satisfactory ;  although  using  the 
.same  processes,  the  cartridges  which  they  have  made  are  of  inferior 
quality. — La  Gaceta  Industricd. 

Bridge  over  the  Douro. — Tlie  Maria-Pia  bridge,  built  by  Eiffi?l, 
of  Paris,  hiis  a  central  bay  of  160  meters  (174*98  yards)  span,  the 
longest  yet  built  for  any  but  suspension  bridges.  The  other  chief 
spans  are  the  Britannia  bridge,  140  meters ;  bridge  of  Kuilembourg, 
150  m.;  St.  Louis  bridge,  158"5  m.  Work  was  begun  in  Jan.,  1876, 
and  finished  Oct.  31,  1877.  The  weight  of  iron  is  1450  tonnes 
(3,196,700  lbs.),  of  which  750  tonnes  are  for  the  arcli  and  700  for  the 
roadway  and  piles.  The  amount  of  ma.sonry  is  4000  cubic  metres 
(5232-086  cubic  yards).— X«  Naiure.  C. 

Electricity  of  Chemical  Processes. — F.  Braun  finds  that  the 
percentage  of  potential  energy  convertible  into  mechanical  work,  varies 
invei-sely  with  the  electric  tension ;  a  sudden  change  in  the  densitA'  of 
free  electrieit}'  must  be  accompanied  by  a  development  of  heat  even  if 
it  is  not  followed  by  any  change  of  relative  distribution ;  if  induction- 
currents  in  a  spiral  excite  a  maximum  of  free  electricity,  half  of  the 
work  is  converted  into  heat ;  in  currents  of  small  intensity',  if  a  new 
current  is  added,  a  greater  development  of  heat  and  a  less  degree  of 
polarization  arise  when  the  new  current  is  in  the  same  direction  as  the 
original  current  than  when  the  directions  are  opposite. — Ann.  der  Phys. 
u.  Chem.  C. 
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Ghanoit  Filter. — A  metallic  reservoir  is  supplied  by  a  pipe  enter- 
ing at  the  bottom.  The  water  !.><  forced  bv  the  pre.s.sure  of  a  hydrant, 
or  of  a  licad,  upward  througli  the  filtering  bed,  compressing  tlie  air 
before  it,  and  thus  becoming  thoroughly  aerated.  The  filter  can  be 
readily  cleaned  by  opening  a  discharging  cock  in  the  bottom.  Faucets 
for  drawing  the  filtered  water,  or  for  conveying  it  to  other  rooms,  are 
inserted  above  the  bed. — La  Nature.  C. 

Greek  Bread. — The  ancient  Greeks  used  covered  tcrra-cotta  uten- 
sils, called  ('rihanoi,  which  were  pierced  with  holes  in  their  circumfer- 
ence, and  which  were  the  prototypes  of  the  modern  "  I)ut<'h  ovens.'^ 
After  the  dough  was  put  in  they  were  surrounded  by  burning  coals,, 
and  the  heat,  penetrating  by  the  holes,  gave  a  more  uniform  tempera- 
ture than  an  ordinary  oven.  After  the  reign  of  Pericles,  Athens 
l)ecame  renowned  for  the  skill  of  its  bakers  and  its  cooks.  They  made 
twenty  or  more  kinds  of  bread,  some  of  which  were  very  white  and  of 
excellent  flavor.  Plato  reports  that,-H  century  before  his  time,  a  Sici- 
lian baker,  named  Thearion,  had  matle  great  improvements  in  his  art. 
The  •  Cappadocians  made  a  very  delicate  bread,  like  Vienna  rolls,  by 
adding  to  the  wheat  flour  a  little  milk,  oil  and  salt. — La  Nature.       C. 

Werdennann's  Electric  Light. — The  principle  is  nmch  like 
Reynier's.  A  slender  carbon  moves  in  a  metallic  tube,  which  serves 
both  a.s  cylinder  and  as  conductor  of  the  current.  A  collar  on  the 
lower  portion  connects  it  by  cords  to  a  counterpoise,  which  tends  to 
raise  the  carbon  and  keep  it  lightly  pre.s.sed  against  a  carbon  disc,  two 
inches  in  diameter,  kept  in  a  fixed  position  by  a  vertical  support,  and 
connected  with  the  negative  pole.  The  incandescence  is  limited  to  the 
portion  of  the  positive  margin  (about  |  inch)  between  the  mctalliir 
tube  and  the  negative  disc.  A  gramme  machine,  driven  by  an  engine 
of  two  horse-power  gave  the  following  results :  1.  When  the  current 
was  distributed  between  two  lamps,  it  gave  a  light  of  360  caudles, 
white  and  [)erfectly  steady.  2.  When  divided  between  ten  lamps,  eiu'h 
locus  represented  about  40  candles,  and  the  total  resistance  of  the 
circuit  was  oidy  0"037  ohms.  3.  The  disc,  on  account  of  its  great 
Mia>is,  does  not  burn  or  undergo  any  change.  The  crayons  consume 
lc.<s  than  3  inches  per  hour  for  large  lamps.  All  the  lann)s  can  be 
lighted    or   extinguished    either   at    once    or    successively. — Vomptes 
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Electrophone. — C.  Ader  ases  a  .sort  of  drum,  having  on  one  side 
a  diaphragm  of  parchment  paper,  about  15  cm.  (5*91  in.)  in  diameter, 
in  the  centre  of  which  are'  circularly  arranged  six  bits  of  tinned  iron, 
1  cm.  (•374  in.)  long,  and  2  mm.  (-079  in.)  wide.  Upon  these  act  six 
microscopic  horse-shoe  electro-magnets,  which  are  connected  and  set  in 
action  bv  a  carbon-spe5iking  microphone.  A  Leclanche  pile  of  three 
elements  transmits  words  and  music  so  that  conversation  can  be  heard 
5  meters  (16"4  ft.)  from  the  iastrument.  The  energetic  efforts  are  due 
to  the  minuteness  of  the  electro-magnets,  which  can  be  magnetized  and 
demagnetized  much  more  rapidly  than  in  other  systems. — Compter 
Rendus.  C. 

Magnetism  of  Loadstone  and  of  Steel. — Dr.  A.  L.  Holz  has 
investigated  the  c(jmparative  influences  of  equal  amounts  of  magnetism 
upon  the  loadstone  and  upon  glass-hardened  steel.  He  has  reached 
some  novel  conclusions,  among  which  are  the  following:  1.  The  max- 
imum of  permanent  magnetism  in  the  loadstone,  for  equal  volumes,  is 
about  the  same  as  that  in  the  hard  steel.  2.  The  specific  magnetism 
of  the  loadstone  is  the  greatest  of  all  magnetic  bodies  yet  investigated. 
3.  The  permanent  magnetism  of  the  loadstone  is  sooner  reached  than 
that  of  steel.  4.  The  quantit}'  of  temporary  magnetism  which  di.sa})- 
pears,  after  the  magnetizing  force  is  removed,  is  less  in  the  loadstone 
than  in  steel. — Ann.  der  Phys.  u.  Chem.  C 

Spontaneous  Combustion. — E.  Bing,  of  Riga,  has  experimented 
with  different  materials ;  wadding,  raw  flax,  hemp,  the  waste  from 
silk,  wool  and  cotton  spinning  as  well  as  sponge,  and  finally  M-ood 
diLst  as  found  in  any  cabinet-maker's  shop.  They  were  saturated  with 
various  fluids,  viz.,  oils,  fresh  and  in  a  gummy  state ;  turpentine,  petro- 
leum, various  varnishes,  etc.  '^'    "  . 

All  the  fibroiLS  materials  took  fire  when  saturated  with  any  of  these 
oils  or  with  mixtures  of  the  same.  Sponge  and  wood  dust,  on  the 
contrary,  proved  to  be  entirely  harmless. 

Combastion  ensued  most  rapidly  with  17  g.  of  wadding  and  67  g. 
of  a  strong  oil  varnish,  in  34  minutes;  while  200  g.  of  washed  cotton 
waste,  of  which  a  portion  was  saturated  with  750  g.  of  strong  oil 
varnish  and  the  remainder  wrapped  about  it,  required  almost  14  hours. 
These  materials  were  placed  in  a  well-sheltered  spot  and  subjected  to 
a  heat  of  from  18°  to  40°  (C.) 

Silk  did  not  flame  up,  but  slowly  charred.  Small  quantitie'<  seem 
U)  take  fire  sooner  than  large. —  Woche)t.scIirift  des  Vcr.  dcutsch.  Tug.  P. 
Whole  No.  Vol.  CV'^II. — (Third  Sekirs,  Vol.  Ixxvii.)  15 
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A  THIRD  VERIFICATION  OF  PREDICTION. 


Kditoi-H  JorKXAL  Franklin  Institute: 

Gentlemen: — Th.  von  Oppolzer  [Comptea  Rendu,^,  Jan.  6,  1879) 
give.s  elements,  deduced  from  eight  sup[)osed  j)lunetary  sun-spots,  which 
represent  anotlier  of  my  liarmonic  ])ositions : 

Dist.  Time. 

Von  Oppolzer,          .             .  .     -123  15'8days. 

Chase,  predicted,  . .-  '120  15-1     " 

This  leiives  (mly  one  still  "  missing  tiiik  "  in  the  principal  harmonic 
series,  between  the  nearest  fixed  stiirs  and  the  sun.  There  are  many 
secondary  or  possible  ^steroidal  positions,  between  Mercury  and  the 
Sun,  one  of  wiiich  has  been  fille<l  already  by  Mouchez's  second  Watson 
orbit.  Yours  truly, 

Plinv  E.  Chase. 
Haverford  College, 

February  lOih,  1879. 


Book    Notices. 


The  Rel.\tive  Proportions  of  the  Steam  Engine.  By  Win. 
D.Marks,  Whitney  Professor  of  Dynamical  Engineering,  Univer- 
sity of  Pennsylvania.  Small  8vo,  pp.  IHl.  .7.  B.  Lippincott  tt 
Co.,  Philadelphia,  1879. 

This  is  a  course  of  lectures  on  the  steam  engine,  delivered  to  tJie 
.students  of  dynamical  engineering  in  the  University  of  Pennsylvania, 
in  which  the  author  has  retluced  all  the  required  dimensions  to  func- 
tions of  the  steam  pressures,  length  and  number  of  strokes  and  horse- 
power. 

While  accepting  the  great  value  of  the  writings  of  Zemier,  Poncelet, 
IIu.ss,  Reuleaux  and  others  upon  the  subject,  covering  thoroughly  the 
})rinciple  of  the  steam  engine,  and  trejiting  fully  some  of  its  members, 
the  author  felt  that  a  practical  method  of  determining  the  pro})er  rela- 
tive proportion  of  all  jmrts  of  the  steam  engine,  was  still  a  desideratum 
in   the    English  literature  of  the  subject.      He  hiis  drawn  largely  from 
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standard  writers  upon  points  already  well  established,  while  he  has 
studied  fully  those  which  have  not  received  the  attention  they  deserve. 

The  book  is  clearly  printed  on  tinted  paper,  and  well  indexed. 

We  are  informed  that  this  work  has  been  adopted  as  a  text-book  in 

the  Sheffield  Scientific  School,  Lehigh  University  and  the  University 

of  California.  , 

n.biq  i)98()qqu8  eit 


Franklin    Institute, 


Hall  of  the  Institute,  Feb.  19th,  1879. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the  Pres- 
ident, Mr.  AV.  P.  Tatham,  in  the  chair. 

There  were  present  157  members  and  47  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers  and 
reported  that  at  the  last  meeting  3  persons  were  elected  members  of 
the  Institute,  and  that  there  was  a  vacancy  in  the  Bcjard  caused  by  the 
election  of  Mr.  Tatham  to  the  Presidency. 

The  Committee  on  the  Library  reporteil  tiie  following  donations: 

First  to  Fifth  Annual  Keports  of  the  Water  Board  of  the  City  of 
Lowell  to  the  City  Council,  January  1,  1874,  to  January  1,  1878. 

From  the  Lowell  Water  Board. 

Eighth,  Thirteenth,  Fourteenth  and  Fifteenth  Reports  of  the  Board 
and  First  and  Second  Reports  of  the  De])artment  of  Public  Works  of 
Chicago.     Chicago,  1869,  1874,  1875—1878. 

From  D.  S.  Mead,  Secretary. 

United  States  Geologiciil  Exploration  of  the  Fortieth  Parallel. 
C.  King,  Geol.  in  Charge.  Vol.  1.  Systematic  (xeology.  Washing- 
ton, 1878.  From  the  Chief  of  Engineers. 

Steel  plate  Portrait  of  John  Sartain.  From  (.'.  Lartenbacker. 

Specifications  and  Drawings  of  Patents  for  August,  1878. 

From  the  Commissioner  of  Patents,  Washington. 

Fourteenth  to  Nineteenth  and  Twentv-first  Annual  Reports  of  the 
Board  of  Trustees  of  the  Water  Works  of  (Cleveland,  1869—1874 
and  1876,  From  the  Board. 
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Animal  ]l('i><>rt  of"  the  Comptroller  of  the  Currem'v  to  Third  Session 
»»f  l*'orty-tifth  C'onirress  of  the  Unite<l  States.     Dec" 2,  187.S. 

From  J.  J,  Knox,  Comptroller,  \\'ashini;ton. 

Transjictions  of  the  Royal  Irish  Academy.  Vol.  26,  StMencc,  Parts 
6  — 1<>,  and  Vol.  27,  Polite  Literature  and  Anticpiitie.s,  Part  1  ;  Pro- 
ceeding's, Vol.  1,  No.  12;  Vol.  2,  No.  7,  and  Vol.  3,  No.  1. 

From  the  Royal  Irish  Academy,  Dublin. 

Annual  Reports  of  the  Lig:ht  House  Board  to  the  Secretarv  of"  the 
Treasury,  for  1HG7  and  18(39. 

From  the  Treasury  Department,  throuijh  Hon.  Chas.  O'Neill. 

Pennsylvania  Archives.     Second  Series.     Charter,  1<)82. 

From  the  Historical  Society  of  Pennsylvania,  Philadel])hia. 

Polar  Cokmization.     A  Memorial  to  Congress,  etc. 

From  H.  W.  Howgate,  V.  S.  A. 

Researches  in  Telephony.     By  Prof.  Dolbear.     1878. 

From  the  Author. 

Conference  faite  an  palais  du  Trocaddro  le  7  A  (tut,  1878.  Par  M. 
Malezieux.     Paris,  1878.  From  the  Author. 

Floral  (Juide.      By  J.  Viek.      Rochester,  N.  Y.,  1878. 

From  the  Author. 

ExjK'rimental  Trials  of  the  Power  requireil  to  Drive  certain  Ring 
Spindles,  made  by  J.  B.  Francis,  Lowell,  Mass.     From  the  Author. 

Drift  from  York  Harbour,  Me.     By  George  Houghton,  N.  Y. 

From  the  Author. 

Reports  of  Permanent  Committee  of  First  Jiiternational  Meteoro- 
logical Congress  at  \"ienna.     Tendon,  1878. 

From  the  Meteorological  Committee  of  Royal  Socit'tv. 

Aeueidcii;  or  Critiral,  Kxegetical  and  Aestheticjd  Remarks  on  the 
Aeneis.  I>y  .1.  Henry.  Vol.  1  (3  jtarts)  and  \'ol.  2  (1  j)art).  Duplin, 
1878.  From  the  Royal  Irish  Academy. 

Geological  Survey  of  Missouri.  Reports  of  State  (Geologists  for 
1855—1876.     With  two  Atku^es. 

Froiu  C.  P.  AVilliams,  Acting  (Jeologist,  Pliila(lel|)liia. 

Rei)ort.s  of  the  Auditor-General  of  Pennsylvania  tm  the  Finances 
of  the  State  for  1875-1877.  From  the  Auditor-General. 

j^•p(.rt  of  Ciller  (.1"  Onlitanee  for  1878.      Washington,  I.s7!>. 

Fi'om   the  ("hief  of  ()rdiiance  Bureau. 
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Uniteft  States  (ieol()gical  Exploration.s  of  Fortieth  Parallel.  Vol.  5. 
Botany.     C.  Kin^,  Geologist  in  Charge. 

From  the  Chief  of  f^ngineers. 

Brevet  d'lnvention.  Law  of  1791.  Vols.  48  to  oo,  184.V4o. 
Vols.  81  to  93,  1853-63.  With  Index  to  Vols.  41— 93.— Old  Series 
Law  of  1844.  Vols.  16  to  47,  1853-64.  Vols.  56  to  80,  1864-73 
and  85  to  88.  With  Indexes  for  Vols.  1 — 79,  in  4  vols. — Xew 
Series.     Vols.  9  to  13,  1876-78.     In  93  vols. 

Catalognes  des  Brevets  delivres  du  ler  Janvier,  182X,  au  31  Dec., 
1877.     In  36  vols. 

From  the  Minister  of  Agriculture  and  Commerce  of  the  Kepublic  of 
France,  Vei'sailles. 

Cartes  des  Voies  et  Communiaitions  de   la  France.     En  6  feuilles. 

Cartes  des  Voies  et  CommunicatioiLs.     En  '1  feuilles. 

Cartes  de  la  Navigation  Interieur. 

Carte  du  Tonnage  des  Routes  Xationales. 

Carte  du  Tonnage  de  la  Navigations. 
From   the   Minister  of  Public  Works  of  the    Repul)lic  of    France, 
Versailles. 

Mr.  John  Richards  read  the  pa})er  announced  for  the  evening  on 
Measuring  and  Grauging  Implements.*  The  subje<'t  of  the  paper  was 
exemplified  by  a  measuring  machine  of  six  inches  caj)acity,  and 
believed  by  the  author  to  be  as  nearly  perfect  as  any  ever  built.  Also 
the  transfer  measuring  machine  and  a  large  number  of  gauging 
and  calipering  implements. 

In  the  discussion  which  followed  the  reading  of  this  paper,  Mr.  J. 
W.  Xystrom  stated  the  first  English  standard  yard  was  a  brass  l)ar  called 
the  parliamentary  standard,  made  by  Mr.  Bird  in  the  year  1758.  About 
two  years  later,  or  in  the  year  1760,  the  same  maker  made  another  bra.ss 
l)ar  vard,  which  was  considered  the  Eno;lish  standard,  but  not  lotrali/ed 
by  act  of  Parliament  until  the  year  1825,  when  it  was  termed  the  imperial 
standard.  Its  correct  length  should  be  at  a  temperature  of  62°  Fahren- 
heit. Sir  George  Shuckburgh,  who  t<»)k  great  interest  in  correct  niea.sures 
of  length,  compare<l  the  two  Bird's  .standard  yards,  and  fV)uiid  them  to 
diHer  about  i  uouu^^^"^  P^^  *^*^  ^"  inch. 

*  See  page  172. 
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Ill  the  latter  part  of  the  last centun',  Mr.  Troiifrhton,  ol*  London, 
wa.**  colchrated  for  having  the  most  correct  engines  for  dividing  lengths, 
and  he  was,  therefore,engaged  by  Sir  Sluickburgh  to  make  a  standard 
yard  divided  into  thirty- six  inches  with  subdivisions,  Avhich  yard  was 
adopted  by  scientific  men  as  the  highest  authority,  not  .><o  nuich  for  its 
correct  length,  but  princi])ally  for  its  accurate  divisions. 

Mr.  Troughton  was  then  known  to  have  the  most  del ictiteapparatu.ses 
for  comparing  standard  lengths,  and  was  thereupon  engaged  by  our 
government  to  make  a  standard  measure  of  length  for  the  United 
States,  eifual  to  that  «tf  the  English.  Thus  he  made  a  bra.ss  scale  eighty- 
two  (82)  inches  long,  which  was  deposited  in  the  Office  of  Weights  and 
Measures  at  Washingt<»n  and  adopted  by  tlie  United  States  Coiust  Sur- 
vey.    Its  correct  length  should  be  at  62°  Falirenheit. 

The  Unitetl  States  standard  yard  was  taken  from  this  scale,  between 
the  27t]i  and  (j3d  inches.  (See  Report  on  Weights  and  Measures,  by 
A.  D.  Bache,  1«57.) 

It  has  since  been  found  that  the  standard  yard,  so  obtained,  wjt^ 
0*0OO0580."]  longer  than  tlie  English  imperial  .standard  yard.  This 
difference  was  no  doubt  due  to  incorrectness  <»f  the  divisions  on  the 
original  scale,  or  derived  fronj  insutticiently  delicate  appliances  for 
reading  off  tlu;  measure  from  the  Knglish  standard. 

It  cannot  be  ex])ected  that  tlie  divisions  (»n  the  Knglish  scale  couM 
be  very  correct,  from  want  of  knowknlgc  in  thosi' days  to  make  a  cor- 
rect screw,  which  is  yet  a  difticudt  j)roblem,  even  with  our  advanced 
kiKtwledge  of  mechanic  arts. 

It  was  thus  originally  intended  to  have  the  English  and  American 
standards  of  length  alike,  and  w(^  ought  not  to  acknowlwlge  any  differ- 
ence. The  Smithsonian  Institution  j)ul)lished  tables  in  the  year  18o{), 
com|)aring  the  length  of  the  English  and  American  foot  measures, 
which  makes  the  American  yard  y^fj^oth  parts  of  an  inch  longer  than 
the  Imperial  standard  yard,  or  a  difference  of  four  (4)  inches  per  mile. 

The  United  Stat<'s  Coa<t  Survey  Ikis  now  made  the  American  stand- 
ard yard  the  suue  length  as  the  lmj>crial  standard  yard. 

Mr.  P.  H.  Dudley  exhibited  and  destTibed  his  system  of  synchro- 
iiiiziiig  docks  for  ditfcrcnt   longitudes  from  a  central  stati«»n,  and  als<>- 
his    mcthcwl     of   constructing  diagrams,   illustrating    gra|)liically    the 
lowest  rat(«  at  which  railroads  can  carry  freight.* 

*See  piige  196. 
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Prof.  W.  D.  Marks  described  the  working  of  his  compound  com- 
pass for  describing  arcs  of  circles  up  to  an  infinite  radius,  all  of  the 
conic  sections  for  curves  of  higher  degrees,  it  being  an  adaptation  of 
Purcelle's  parallel  motion;  also  a  linkage  of  his  invention  for  describ- 
ing epi-  and  hypo-cycloids. 

The  Secretar}'  presented  a  large  astronomical  transit  and  clock,  being 
parts  of  a  set  of  instruments  built  by  Messrs.  Heller  &  Brightly  for 
the  State  University  of  Oregon. 

Deacon's  waste-water  meter,  which  makes  a  diagram  of  the  com- 
parative quantity  of  water  passing  at  any  period,  by  means  of  which 
the  wastage  from  leaks,  open  faucets,  etc.,  in  any  water-supply  system 
may  be  detected ;  Ball's  device  for  making  change  with  coins, 
consisting  of  a  series  of  tubes  of  proper  sizes  to  hold  coins  of  the 
varioiLs  denominations,  and  liaving  at  the  bottom  of  each,  a  slide 
operated  by  a  lever  in  such  a  manner,  that  when  the  lever  is  pressed 
down,  one  piece  of  coin  is  dropped  into  a  recei)tiiclc  below.  When  the 
coins  necessary  to  make  the  sum  requiretl  are  all  de})osited,  a  slide  in 
the  bottom  of  the  receptacle  is  pushed  back  by  the  ends  of  the  fingers 
in  such  a  manner  as  to  bring  the  palm  of  the  hand  under  the  opening 
to  receive  the  coins:  Also  a  new  metallic  shingle,  made  of  sheet  iron 
cut  to  a  point  at  one  end,  and  having  corrugations  which  fit  into  each 
other  and  i)revent  the  wind  from  driving  the  water  under  the  shingles 

when  laid. 

» 

The  resolutions  of  the  Board  of  Managers  and  of  the  Committee 
on  Sciences  and  the  Art«<  relative  to  the  award  of  medals  were  called 
up,  when,  on  motion,  the  whole  subject  was  laid  upon  the  table. 

On  motion,  the  Institute  went  into  the  election  of  one  Manager,  to 
serve  two  years,  to  fill  the  vacancy  reported  from  the  Board,  and  the 
Chair  announced  that  nominations  were  in  order,  whereupon  Messrs. 
Henry  Cartwright  and  John  J.  Weaver  were  placed  in  nomination. 
The  Chair  ap]X)inted  Messrs.  G.  M.  Eldridge  and  C.  Chabot,  tellers 
to  conduct  the  election,  and  after  all  had  voted  who  wished,  the 
Tellers  reported  that  Mr.  Cartwright  had  received  40  votes  and  Mr. 
Weaver  8  votes,  whereupon  the  Chair  declared  Mr.  Cartwright 
elected  to  fill  the  vacancy  specified. 

The  President  announced  the  following  standing  committee'!  for  the 
current  year : 
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(hi  the  lAhnirif. — Chas.  Bullock,  Wni.  A.  Inijhani,  Dr.  Isaac  Norris, 
Jr.,  RolVt  BrifTii^s,  J.  B.  Knight,  Heiirv  Pemberton,  J.  Sellers  Bancroft, 
J.  E.  Mitchell,  Jo.^.  M.  Wilson,  Fred."  Graff. 

On  Mlnemli<. — Dr.  F.  A.  Genth,  Theo.  D.  Rand,  Clarence  Benient, 
Persifor  Frazer,  Jr.,  Dr.  W.  H.  Wahl,  E.  J.   Houston,  Otto  Lutliy, 

E.  F.  Moody,  Dr.  G.  A.  Koenig,  H.  Pemberton,  Jr. 

On,  Models. — C.  Chabot,  H.  L.  Butler,  Edward  Brown,  M.  L. 
Orum,  J.  Gnehring,  L.  L.  Cheney,  J,  J.  Weaver,  8.  F.loyd  Wiegand, 
A.  G.  Busby,  N.  H.  PMgerton. 

On  Arts  and  Munufactures. — J.  J.  Weiiver,  Geo.  V.  Cresson, 
Hector  Orr,  Coleman  Sellers,  Jr.,  W.  B.  LeVan,  Wni.  Helnie,  J.  S. 
Bancroft,  Alfred  Mellor,  Cyrus  Chambers,  Jr.,  Geo.  Burnham. 

On  Meteoro/of/i/. — Pliny  E.  Cha.se,  Hector  Orr,  Dr.  Isaac  Norris, 
Jr.,  John  Wise,  .Jx^.  A.  Kirkpatrick,  Alex.  Purves,  Dr.  W.  H.  Wahl, 

F.  M.  M.  lieale,  H.  Carville  Lewis. 

On  Meet'mys. — H.  Cartwright,  AVashington  Jones,  J.  B.  Knight, 
C.  S.  Close,  L.  M.  Haupt,  W.  E.  DuBois,  W.  H.  Thome,  Cyrus 
Chambers,  Jr.,  J.  J.  Weaver. 

On  motion,  tiic  meeting  adjourned. 

J.  B.  Knhjut,  Scrrefdri/.^ 
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CONCERNING    ^^iZZ^;  or,  THE  LIMIT  OF  EFFICIENCY 

Ti      '      ' 

OF  HEAT  ENGINES. 


By  J.  F.  Klein,  D.  E., 

InsriKtor  in  Dynamical  Engineering,  Sheffield  Scientific  School. 
(Continued  from  vol.  Ivii,  page  160.) 


The  important  propositions  tliat  a  lieat  engine  cannot  perform  work 
bv  the  expansion  and  contraction  of  its  vohmie  withont  rejection  of 
heat,  and  that  the  maximum  efficiency  of  all  heat  engines  is  repre- 

sented  by  the  proper  fraction  —L. 9,  are  either  of  them  sufficient  t<> 

completely  overthroAv  tlie  thermodynamic  fallacies  mentioned  at  tJie 
beginning  of  this  paper.  AVc  Avill  not,  however,  thus  smnmarily  dis- 
]K»se  of  the  special  arguments  advanced  in  support  of  the  fallacies,  but 
will  give  them  the  careful  examination  which  the  importance  of  tlie 
princi})les  they  attack,  rather  than  their  own  inherent  force,  seems  to 
demand.  These  s})ecial  arguments  are  all  contained  in  the  paper  uf 
Prof.  R.  H.  Thurston,  and  are  as  follows : 

I.  That  the  influence  which  the  nature  of  the  Avorking  substance 
might  have  on  the  theoretical  efficiency  of  an  engine  has  been  neg- 
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looted   bv  aooeptod  authoritios  in  thonuulynainios,  having  boon  j)assed 
over  by  them  ii.>*  unimportant. 

II.  Tliat  tho  maximum  efficiency  of  the  ordinan-  type  of  steam 

engine  de|)en<ls  upon   tho  8])eoifi('  boat  of  its  working  sul)stanoo,  and 

X  T 

vi\n  bo  irroator  than  _i 'I. 

T. 

III.  That  air  and  g;i.<  ongine.><  have  boon  (k'.-^ignwl  and  bnih,  \vho.-.o 
Thoorotical  cttioicncy  \va.>^  unity,  all  unutilized  iioat  being  ro.-it(»rod  to  tho 
working  substance  by  moans  of  a  ma.ss  of  metal  called  a  ''  Regen- 
i'rator." 

I\'.  That  it  is  tho(»rotioally  posriblo  to  have  a  "  New  Type  of  8tejim 
l^ngino"  which  will  j)orform  work  Anthout  rejecting  lieat,  by  returning 
the  working  .substance  to  the  boiler  in  a  peculiar  manner.* 

Xow  what  are  the  facts  as  regards  the  first  of  tho.se  .•statements  /  In 
tho  papers  and  trcjitises  of  Clausiu.s,  W.  Thomson,  Rankino  and 
Jlirn  may  be  found  a  demonstration  concerning  the  efficiency  of  engines 
in  which  tho  influence  of  tho  nature  of  tho  working  substance  has  boon 
taken  int<»  aocoinit.  Rankino  in  jiarticular  has  given  si)ecial  attention 
to  this  very  matter  by  tiiking  into  consideration  mixtures  of  tho  work- 
ing substance  in  which  "the  properties  of  the  ingrt'dionts  are  constant, 
:t<  in  tho  aggregjite  of  chemically  distinct  sub.^tiinces,  or  variable  as  in 
the  aggregate  of  a  liquid  and  vapor."t  The  demonstration  given  by 
('lansiiL<  and  W.  Thomson  of  C'arnot's  principle — that  a  rovoi-sible 
engine  receiving  and  discharging  heat  only  at  its  u})j)or  and  lower 
limits  of  temperature  respectively,  is  at  ledftf  as  efficient  ;ts  (tny  other 
engine  having  the  siirae  source  and  refrigerator — was  intended  t<3  cover 
and  d«K's  cover  the  three  cases,  in  which  tho  engines  compared  differ 
either  as  to  reversibility,  a.s  t<t  the  working  substance  employed,  or  in 
both  the.se  resi)ects.  Prof.  Thurston  should  therefore  have  discussed 
this  simple  and  famous  demonstration  and  show  wherein  it  was  faidty, 
if  ho  wished  to  ostabli.sh  his  proposition,  that  the  maximum  efficiency 
of  an  engine  does  dejiend  upon  the  nature  of  the  substance  employed. 

*The  "New  Type  of  Steam  Engine"  was  invented  by  Prof.  R.  H.  TliurHton 
in  1858— 18VJ.  Wo  imderstanil  that  Mr.  C'lnis.  K.  Emery  8ubse<iiiently  and  inde 
jieiidcnlly  rc-invonted  tliis  engine,  and  claimed  that  it  wa.s  "  ba«ed  on  modern  thermo 
dynamic  developments"  I ! 

tSee  Phil.  Tranit.,  1854,  vol.  144,  p.  144. 

There  is  a  very  concise  statement  to  tlie  same  effect  in  Rankine'»  "Steam  Engine," 
p.  .308. 

See  also  text-books  on  heat,  by  McCulIoch,  Cotterill  and  Balfonr  Stewart. 
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Instt'iid  of  this  wq  find  tlie  demonstration  given  by  C'lausius  and 
Tlionison  eomj)letoly  ignored  and  an  nnsueoessful  attem})t  made  to  show 
that  reversiliilit^^  is  "the  jjerfect  test  of  the  perfect  engine," 

II.  Ihat  the  maximum  efficiency  of  the  ordinary*  type  of  steam  engine 
<lepen<lx  upon  the   specijic   heat  of  it,<  working  subdance,  and  can  he 

X  X 

oreatcr  than  — 1 

T. 

Before  stating  and  examining  the  reasons  advanced  in  support  of 
tliis  ])ro[»osition  Ave  will  first  call  attention  to  tlie  terms  latent  heat  and 
real  specific  heat,  and  will  then  call  attention  to  the  difference  of 
opinion  concerning  the  varial>ilitv  of  the  latter  which  existed  between 
Rankinc  and  ("lausins.  It  will  then  be  readily  seen  that  Prof. 
Tliui"ston  has  chosen  a  disputed  ])oint  as  the  basis  of  his  reasonings, 
and  that  his  mistaken  idea  as  to  what  constitutes  the  total  actual  heat 
of  a  bixly  has  first  led  him  into  confusion  and  error,  and  then  to  con- 
cliLsions  concerning  the  efficiency  of  engines  entirely  at  variance  with 
those  held  l)y  all  acce])ted  authority,  including  both  Rankine  and 
'('lausins. 

It  should  be  remembered  throughout  that  Heat  is  a  kind  of  actual 
or  kinetic  energy,  consisting  in  the  invisible  motions  of  the  particles  of 
a  bwly,  and  that  He(d  is  not  ])otential  energy,  for  its  ability  to  perform 
work  depends  oidy  «)n  the  he(d-motions  of  the  particles,  and  not  on 
their  relative  positions.  Suppose  n<»w  that  one  j)ound  of  a  botly 
receives  heat  under  such  conditions  that  its  volume  and  tem])erature 
both  increase ;  then  of  the  total  heat  received  a  part  will  continue  to 
exist  as  heat  by  increasing  the  heat-motion  already  present  within  the 
body,  Avhilst  the  remainder  disappears  as  heat  by  performing  the  exter- 
nal and  internal  work  necessary  to  effect  the  change  of  volume.  The 
internal  work  consists  in  overcoming  the  molecular  resistances  to  sepa- 
ration, or  change  of  arrangement,  of  the  ])articles,  and  is  often  very 
much  greater  than  the  external  work,  which  has  only  to  overcome  the 
external  j>ressures  resisting  the  change  of  volume.  For  water,  when 
it  is  l^eing  evaporated  under  constant  pressure  the  ratio  of  the  two  is 
often  very  great,  the  internal  work  being  at  least  10  to  lo  times  as 
great  as  the  exterior  work  (for  the  j^ressures  ordinarily  occurring  in 

*  According  to  Prof.  Tliur.ston  there  are  at  least  two  types  of  heat  engines:  those 
wliich  reject  heat  and  those  which  do  not ;  the  ordinary  steam  engine  belonging  to 
the  firet  type. 
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rngincs).  In  .some  .•^teani  tables  the  interior  work  is  j>iven  nnder  the 
heading  "  internal  latent  heat,"  the  exterior  work  being  given  under 
"  external  latent  heat."  The  sum  of  these  two  quantities  is  u.'^ually 
called  the  "latent  heat  ot"  eva})oi*ation,"  This  ohjeetionhle  term, 
"  latent  heat,"*  has  come  down  to  us  from  a  time  when  heat  was  sup- 
|><»sed  to  he  a  substance  and  conscijucntly  indestructible,  and  although 
wc  now  know  that  heat,  as  such,  can  be  put  out  of  existentn?  by  tnuis- 
lormation  into  other  forms  t)f  energy  which  do  not  aft'ect  the  thermo- 
meter, still  the  term  remains,  and  oontiiuie^  to  lead  many  to  believe 
that  the  heat  which  has  disappciired  in  doing  work  still  lurks  concealed 
somewhere  in  the  working  substance  ns  heat ;  this  is  less  often  the  case 
when  external  work  only  is  considered,  for  the  equivalent  of  the  disiip- 
peared  heat  Ls  then  seen  in  visible  external  work  ;  but  when  the  inter- 
nal work  done  in  sejtarating  the  mulccules  and  changing  their  arrange- 
ment is  tuider  consideration  the  beginner  is  ajjt  to  think  that  this  kind 
of  w(»rk  "  (k)n't  count,"  and  that  the  heat  which  has  Ix^en  ex[)ended  in: 
acciimplishing  it  still  exists  in  the  body  as  heat,  instead  of  recognizing 
that  in  this  ciise  also  it  has  (li.sdj/patred  by  being  transformed  into 
another  kind  of  energy — that  of  position — which  does  not  affect  the 
thermometer. 

We  have  thus  far  su})p(».>^e<l  that  a  change  of  volume  accom|)anies  the 
change  of  temperature  when  heat  is  furnished  to  a  body,  but  will  now 
suppose  the  b(Kly  to  be  kept  at  constant  volume  during  reception  of 
heat.  The  external  work  will  then  become  ((pial  to  zero,  and  the 
int<'rnal  work  will  l>e  diminished  ;  conscciuently  a  greater  propor- 
ti(»n  of  the  heat  furnished  will  go  to  incrca.^e  the  actual  sensible  heat 
of  the  IxmIv.  li"  the  body  is  one  of  the  more  j)ermanent  and  perfect 
giL-^es,  the  interior  work  will  become  approximately  equal  to  zero,  and 
all  the  heat  furnislie<l  may  then  be  said  to  be  employed  in  incre4i.sing 
the  temperature  or  actual  heat  of  the  Ixxly.  li\  however,  the  body  be 
either  a  solid,  licpiid,  or  siiturated  vapor,  there  is  nothing  in  theory  or 
experiment  which  w<»uld  justify  us  in  asserting  that  the  interior  work 
is  ecjual  to  zero;  for  forces  of  cohesion  may  have  to  be  overcome,  and 

*  Now  that  "  latent  heat"  liaa  become  a  part  of  the  popular  vocabulary,  it  will  be 
(liflitult  to  >;et  rid  of  it ;  no  error  can  arise  in  its  use,  however,  if  umlerstood  as  defined 
by  Maxwell :  "  I.,atent  heat  i.**  the  (piantity  of  heat  which  must  be  communicated  to  ai 
liu<ly  in  a  given  state  in  order  to  convert  it  into  another  state  without  dianging  its 
teinjierature." 
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<'han^e.s  of  arrangeiuent  of  the  molecules  and  their  components  may 
take  place,  which  require  work  and  cause  a  portion  of  heat  t(^  disa})pear. 

If  the  body  is  of  unit  weight,  and  receives  heat  sufficient  to  raise  its 
tenij)erature  one  degree,  the  total  amount  of  heat  received  is  called  its 
<ippurcni  specihc  heat ;  if  from  this  be  subtracted  all  the  heat  which  is 
^-xpended  in  })erforming  interior  and  exterior  work,  the  remainder  is 
<'alled  the  real  specific  heat,  because  it  alone  measures  the  actual  heat 
of  the  body.  AVe  will  represent  the  apparent  specific  heat  for  the 
general  case  by  C  and  for  constant  volume  by  (7,..  The  real  specific 
iieat  we  will  represent  by  K.  Experiment  shows  that  for  a  given  state 
of  aggregation — solid,  liquid  or  gaseous — C\.  is  the  minimum  value  of 
(\  also  that  C',.  is  greatest  for  the  liquid  and  least  for  the  gaseous  state. 
Only  for  highly  superheated  vapors  like  air  do  experiments  indicate 
that  t\.  is  nearly  equal  to  K. 

The  following  pro}>osition  is  due  to  Clausius  and  is  a  result  (»f  his 
mathematical  investigations  on  the  elfectiye  force  of  heat  and  on  dis- 
gregation  (a  quantity  representing  the  arrangement  of  the  particles  of 
a  body). 

"The  quantity  of  heat  actually  ))resent  in  a  body  depends  only  upon 
its  temperature,  and  not  upon  the  arrangement  of  its  constituent  parti- 
cles." In  other  words,  the  real  specific  heat  of  a  body  is  the  same  for 
iiU  temperatures,  and  for  all  states  of  aggregation — solid,  liquid  or 
gaseous,  and  ^^•e  may  therefore  w'rite 

H=  K  T=  C\.  T 

and         lii -^  =   ^'     ^ »  (5) 

where  //is  the  quantity  of  actual  heat  present  in  the  body  at  the  abso- 
lute temperature,  T:=  401°  +  f  F  and  C\  the  apparent  specific  hciit 
under  constant  volume  when  the  body  is  in  the  form  of  a  vaj^or  highly 
su])erheated. 

But  Rankine  had  taken  an  op])osite  view  of  this  matter,  saying, 
■**  The  real  specific  heat  of  each  substance  is  constant  at  all  densities  as 
long  as  the  substance  ret^iins  the  same  condition — solid,  licjuid  or 
g'aseous ;  but  a  change  of  real  s])ecific  heat,  sometimes  considwable, 
often  accompanies  the  change  between  any  two  of  these  conditions." 

Clausius  showed  that  the  reasons  given  by  Ilankine  in  support  of 
this  view  were  decidedly  insufficient,  wliereu])on  Raidcine  replies :  "  I 
iidmit  that  it  is  difficult  to  conceive  how  the  same  sul)Stance  can  alter 
its  real  specific  heat  in   changing  its  state  of  aggregation.     But  it  is 
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also  diftioult  to  conceive  how  tlic  elevation  of  tenn)eratui'e  ot"  litjuid 
water,  tor  example,  cjin  be  aceonipanicd  hy  internal  work  to  an  amount 
sufficient  to  account  for  the  excess  <»f  the  s|)eeifi('  heat  of  li(piid  water 
at  constant  volume  above  that  of  steam  and  ahovc  that  of  ice,  those 
three  quantities  l)ein<^  nearly  as  follttws: 

Sj)eeific  heiit  at  constant  volume  <»f  ice,  about  (►•50 

"  "  liquid  water,  l-()0 

'*  steam,  ()-;i7." 

liankine,  after  sut^gesting  that  both  difHculties  are  diminished  if  not 
removed  bv  supposini;  the  composition  of  the  molecule  to  chanj^e  with 
the  state  of  a<i:;ij:re<ration  (an  atom  of  ice  or  steam,  for  example,  l)eini;- 
composed  of  two  atoms  of  licpiid  water),  continues  thus: 

"  I  do  not,  however,  j>ro|)ose  that  snj>position  as  more  than  a  conjec- 
ture ;  and  for  the  j)resent  I  am  content  to  re<rard  as  certain  merely  the 
fact  that  the  ininiitiKin  sj>ccific  heat  of  the  same  substance  in  ditterent 
states  of  a«;f;re*»;ation  is  in  manv  cases  ditlerent,  ieavinii'  the  relation 
between  that  mininuun  sju'cific  heat  and  the  real  s|)eeifie  heat  to  be 
juseerfciined  by  further  i n vest ig-.it ion."* 

Were  we  to  follow  Rankine,  we  would  write 
//j  =  A',  7\  y/„  =  K„  7',, 

.,„a  IJjz±f.  _  KJ-KJ\  _   7' -^V'    '/'o 

'  1 

where  //,,  //„  and  /v',,  A'„  rej)resent  tlie  total  actual  heat  and  the 
average  real  specific  heat  correspondinii-  to  the  physical  states  of  the 
l)ody  when  at  the  absolute  tem|K'ratures  7',,  7',,,  respectively. 

At  this  point  it  must  not  be  fortxotteii  that  the  etliciency  <»f  engines,, 
repre-^nted  b\' 

"'.  =  V.    V.>  =  Lz:^'-  (7> 

•/^A  V.  'A 

does  not  at  all  depend  upon  the  correctness  of  either  of  the  foregoin;^- 
views,  having  been  established  by  means  of  the  two  principh's:  "Ife-at 
and  work  are  mechanically  e(|ui\alent,"  and  **  Heat  cannot,  of  itself, 
passTrom  a  colder  to  a  warmer  Ixuly." 

We  will  now  give,  and  as  often  as  brevity  will  allow  in  the  Trofo- 
sors's  own  words,  the  reasonings  which  lead  to  the  eoiiclii>ioii  that  tlie 


*See  Phil.  Miuj.,  vol.  30,  186"),  p. "410  ;  also  "Steam  Engine,"  p,  307. 
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efficiency  of  a  steam  engine  slionld   be  o-reater  than   -J ?. 

...  .    ^^ 

*'  In  any  fluid,  no  change  occurring  in  its  capacity  for  heat  witli 

change  of  temperature,  the  quantity  of  heat  j)resent   in   tlie   mass  is 

proportional  to  it<  absolute  temperature." 

For  perfect  gases,  therefore, 


H,  :  i/„  =  T,  :    7\  and 


H-H,  _    T-T, 


"  The  same  is  true  approximately,  if  not  absolutely,  of"  superheated 
and  of  dry  steam,"  *   *   *   *  and  of  water  unmixed  with  yajior;  for 

these,  therefore,  — ^ — ^ 

H,       =       T, 

But  when  steam  expands  and  condenses  it  changes  its  physical  state 
and  the  specific  lieat  of  the  mixture  then  yaries  as  ihe  proportions  of 
the  liquid  and  yapor  which  it  contains  yary. 

"  But  tlii.s  ini.vfare  of  (iqaid.s  (ind  vapor  cojitains,  tcsiud/t/,  ntHthj  A'.v.s 
heat  than  an  equal  trelr/hf  of  steam  at  the  mine  temperature^ 

Therefore,  for  steam 

H^  —  Hq        Ti  —  Tq 
H,        ^       T,       ' 

"  Hence,  the  steam  engine  .sJtou/d  he  more  ec<momical  than  the  air 
or  gas  engine  working  between  the  same  limits  of  temperature.  That 
it  is  not,  can  only  be  due  to  the  cause  of  loss  already  adyertcd  to  as 
peculiar  to  the  steam  engine."  [The  loss  referred  to  is  that  due  to  the 
condensation  and  re-eyaporation  which  take**  plac^e  in  the  steam 
cylinder.] 

This  demonstration  eyidently  contains  th?  two  following  assumptions : 

(1.)  That  the  real  specific  heat  of  steam  yaries  with  its  state  of  aggrc- 
gati(jn,  and  consequently  its  total  actual  hc;it  is  not  always  proportional 
to  tlie  absolute  temperature. 

^  '    That  — I 2  may   rei)resent  the   theoretical   efficiency  of  :iu 

J-  X 

engme  without  being  (.'(pial  to ^-; ^• 

We  do  not  see  how  it  is  possible  to  escape  the  conclusion  that  tlie 
])ortion  of  the  demonstration  which  we  have  italicized  contains  a  third 
assunq)tion  : 

(3.)  That  the  "latent  heat  of  evaporation  "  is  identical  with  theai'tnal 
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heat  t>f"  the  .-itcain,  in  otiiei'  words  when  watoi"  i?;  cliauiied  into  .steam  of 
the  same  temperature,  the  h\rg:e  amount  of  heat  wliieh  (Ux(ijqjo(rs  in 
doinjr  the  work  of  eva])orati(»n  continues  to  exi.<t  a.":;  actual  heat  in  the 
i^teani. 

In  the  mechanical  theory  of  heat  this  hust  a.ssumption  is  an  alxsurdity, 
the  next  is  without  shadow  of  proof  or  authority ,  while  the  fii-st  directly 

contradicts  the  result  ^^'  ~  ^'^  >    ^^  ~  ^"     which    the    Profes-sor 

has  managed  to  deduce  from  it.     The  tii-st  of  the  above  a.ssumptions  it 

will  he  noticed  is  identical  with  that   already  a.scribed  to  Rankine  an<l 

and  (\\|>rcs<('d  by 

A'y 

If  now  we  a.-sume  with  Kaukine  that  the  rcid  specitic  heat  of  steam 
and  water  are,  at  lea.-*t,  approximately  ecpial  to  their  s|)eoi tic  heats  under 

constant  volume. 

(•\  =  o-;;7  and  ("\.  =  i-oo 

and  also  let  //,  rejjresent   the  total   actual    heat    in    a  pound  of  steam 

when   at   the  ab.sdute  temperature    7',  and   //„  the   total   actual    heat 

jtnsent  in  a  mixture  weighing  one  pound  and  containing  x  per  cent,  of 

.steam  and  1  —  ./•  per  i-ent.  of  water,  we  .shall  have  for  the  mean  specific 

heat 

K,  =  xC\      -  (]   -  x)  ("\  =  1  —  0'(5;5.r, 

,,,                     1     —    0-6.)  X       r., 
X  I  — J  I) 

and  for  Va\.  <>  -^i  —  ^o  =    _?!i!L__- 

H,  T, 

\\\\r\\  .r=:(VoO  /.  f.,  when  the  mixture  is  half  water  an^l  half  steam, 

M-e   have  ^'  ~  ^'  =   Zinlj^^J'     -    L^  ~  ^%andsinceasim- 

/A.  r,  'i\ 

ilar  result  ma\-  be  obtained  from  any  other  mixture  of  the  water  and 
steam  we  si-c  that  the  first  a.ssum))tion  made  by  Prof.  Thurston  directly 
contradicts  the  result  which   he  has  deduced  from  it. 

We  have  alrea<ly  seen  that  if  we  acce|)t  Clausius'  view  of  the  inva- 
riability (in  the  same  substance)  of  the  real  specific  heat  that  we  are 
led  ton  nsidt  likewise  oj»po.sed  to  to  that  deduced  by  the  Profe.s.sor, 
but  we  nnist  remendx'r  that  the  intelligible  and  intere.sting  relation 

n,  -  //q  _  i\  -  n  _  V>  -  Vo  _  ji; 
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which  we  then  obtain  between  the  total  actnal  heat  and  the  efficiency 
<iannot,  by  any  means,  be  .said  to  have  the  same  validity  as  the  relation 

9i  =  Ii 

or 

(A  -  Q.  _    ^''  _  T,-T, 

which  depends  only  on  laws  dednced  from  experiment. 

AVe  should  also  remember  that  the  absolute  temperatures  *  J\,  1\ 

of  our  forniTda  can  be  easily  obtained  with  considerable  accuracy  from 

a  standard  thermometer  while  the  total  actual   heat  cannot  be  directly 

measured  but  miLSt  be  obtained  by  calculation,-  involving  hypotheses 

Nvhich  though  probable  cannot  yet   be  regarded  as  established  experi- 

.            .     .       T  —  T 
mentallv.      These  reasons  are  sufficient  for  iircferriiiir — ? '^  as  an 

TT      TT 

<*xprc&sion  for  the  cfficiencv  of  an  engine  rather  than  — ? '■-  and  wc 

.  ■  ,  ^^'    .  . 

accordingly  tind  tiiat  Clausius,  W.  Thomson,  Maxwell,  Kankinc,  Hirn, 

and  Zeuner  have  all  avoided  introducing  tjie  total  actual  heat  into  the 
expression  for  the  efficiency  of  engines. 

Professor  Thui'ston  makes  Jio  attempt  to  calculate  the  efficiency  of 
iin  engine  from  the  total  actual  heat  of  the  working  substance,  he 
nrjwhere  introduce.^  the  real  specific  heat  into  his  calculatioiLS,  althougli 
the  neglect  of  this  considenition  has  constituted  (if  we  are  to  believe 
the  Professor)  "a  serious  and  iiitherto  unsurmounted  difficulty  in  the 
process  of  calculation  of  the  exact  efficiency  of  the  steam  engine."  ^\'e 
even  find  that  the  Professor  so  far  forgets  the  ])oints  made  at  the  begin- 
ning of  his  pa])cr  about  the  infiuence  of  a  change  of  physical  state  on 
the  efficiency  of  an  engine,  as  to  choose  for  the  exponent  of  the  adiabatic 
<urve  of  Hitoraied  or  vet  steam  a  value  (^)  belonging  to  highly  miper- 
Juated  steam.  This  occurs  in  an  example  in  which  the  Professor  works 
<tut  "  the  true  theoretical  ec«jnon^y  of  a  steam  engine,"  the  method 
i^-mployed  l)eing  the  well-known  one  of  dividing  the  heat  utilized  as 
work  by  the  total  heat  ex})ended,  or 

Efficiency  =  ^  =   ^^    ~    ^^" 

the  error  consists  in  obtaintng  too  small  a  value  for  the  rejected   heat 
*  See  note  at  end  of  article. 


226  Klein  —  Hcdf  Eilf/inCii.  [Jour.  Frank.  Iii>t., 

Vo  ''y  nn"iiif^  «>t  :in  exit'ssivc  e.\|MiiU'iit  tor  the  c-iirve  t)t"  t'X[):tiisi(in. 
In  tlib^  example  the  eiiuinc  is  .<iij)|>( ised  to  work  luider  the  foHowinir 
(•oii(liti(»n.s : 

Inititil  alj.sohite  |>re.-<sure  i»f  .steam  =  !H)  lbs. 

Final  "  "        ''      "      =2    " 

Initial  temj)erature  (►(' steam  =  320-0°  F. 

Final  ''  "      "       ==  12()-.3°  F. 

Temperature  ot'fccd  water  tor  hoiler  =:  ll()-0°  F. 

Total  heat  su[)plie(l  per  lb.  of  steam  at  tJO  lbs,  ^=  1  lOl'o  heat  units. 
"        ''    rejected     "    "    "      "      "     2  lbs.  =  l()42-5    "      '' 

For  the  adiabatic  curve  ofcxpaiisjou  of  the  saturated  stc^im,  /.  c,  for 
expansion  without  transnnssioii  of  heat.  Professor   Thui'stoii  assume-. 

4 

takin*r  the  initial  -pecifie  \-oliuue  /■,  =  4"72  cnbic  feet,  an<l  yvj  = 
144  X  90  lb.s. 

144    >    i)0  >.    4^72^  =   1 02,(1 11.  =  roust. 

I  »i       i-                 1()2,()1I         -,.  -.,       ,  •     r    . 
and,  tliereiore, /•  = =  ih'o->  cubic  feet, 

\vlii<'h  is  the  \'oluiue  of  tlx'  one  jtouiid  mixture  of  water  autl  >team  wlieu 
the  pressure  y>„  at  the  end  of  expansion  is  2  lbs.  Sinet^  the  volume  of  the 
mixture  is  praetic-ally  that  of  the  steam,  we  jjet  for  the  weight  of  the 
latter  0-44  lbs.     Then 

Heat  lost  in  rejected  steam  =  1-042  X  0*44  =  4():)  heat  units. 

''      "     "         "        water  =  l()-03  V  o.ofj  =       5)     " 
Total  lie:it  |-ejected   ^/,  =  472  heat  units. 
"      i-eceived  V,  =  1102    " 
"        "      utilized  7,    -    %  =  (530  heat  units, 
f  he  ellicieue\-  of"  the  steam  engine  will  then  be 

O,  \]{)'2 

"  Had  ihe  workiuu  fluid    beeu  a  permanent  gA>  the  efHciencN'  woidd 
have  Ix'en  one-fourth,"  /.  c, 

2\  -  y\  _  4(>1    ,-320 -(461-1- 126)  _  ^^...^ 
r,  ~         461  -r  320 
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*'  The  diiferenc€  illustrates  the  superiority  of  the  coiidensible  vapor 
ju*  a  medium  for  the  conversion  of  work." 

Now  it  is  ea.sy  to  show  that  this  calculation  will  not  stand  the  sim[)lest 
and  most  obvious  test,  for  we  have  only  to  calculate  the  work  (or  heat 
utilized)  from  the  indicator  diagram  of  such  an  engine  and  we  will  find 
that  it  is  vastly  less  than  the  equivalent  of  630  heat  units. 

The  work  done  before  cutting  off  is 

^^1  i\  =  144  X  90  X  4-72  =  772  X  (79.2  heatunits). 

The  work  of  cx})ansion  when  the  curve  is  represented  bv  p  r  = 

4. 

pj  r,*  =  constant,  Ls 

k  —  1 

I\  ^'i  n  _  /pA      ^'     1    =  772  X  ( 145-9  heat  units). 

The  work  done  in  overcom'ng  back  pressure  is 

p^  Cy  =  144  X  2  X  76'o  =  772  X  (28-5  heat  units). 

Effective  work  =  772x(79-2  -r  145-9—  28'5)  =  772  x(19(J-()  heat 
units)  or  less  than  one-third  of  the  result  (630)  obtained  by  Professor 
Thurston. 

These  excee<^lingly  <lisc(»rdant  results  are  due  to  assuming  an  exponent 
^  which  is  much  too  large  for  the  adiabatic  expansion  of  steam  initially 
dry,  consequently  neither  of  the  answers  obtained  is  correct  because  the 
erroneous  exponent  enters  into  each  of  the  methods  em])]oyed.  Perfectly 
accordant  results  are  of  course  not  to  be  expected  from  empirical  formula?, 
but  a  very  much  closer  approximation  than  that  obtained  may  be  reason- 
ably expected.  The  efficiency  as  determined  from  the  indicator  diagram 
by  means  of  the  erroneous  exponent  ^,  will  be 

1^^_=  0-18  <-    ^'  ~  - »   =  0-25, 

1102  r, 

so  that  the  Professor's  data  again  lead  to  results  directly  contradicting 
those  which  he  has  deduced  from  them. 

Before  (calculating  the  work  of  the  al)ove. engine  by  means  of  the 
correct  exponent  of  for  tlie  adiabatic  exj)ansion  of  steam,  we  will  give 
the  tiible  containing  the  values  of  these  exponents  for  various  initial  and 
final  pressures.  This  table  was  calculated  by  Zeuner  by  means  of 
Kegnault's  experiments,  and  a  formula  for  the  adiabatic  curve  of  steam 
deduced  from  the  fundamental  equations  of  heat.  It  will  be  noticed 
that  the  values  of  the  table  agree  very  well  with  the  mean  value  1-13'> 
assumed  by  Zeuner  for  steam  initially  dry.      ll'^ing  this  exponent 
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\'alue.<  of  oxjMiiH'iit  /:  wlioii   steam  is  dry  satiirnted  at  beginning 

ot"  exj)ansi()ii  : 


Initial 

pres<inre  in 

atmospheres 

0-5 

l*'iiial  pressure 
1 

ill 

atnio-sphcres. 
2 

4 

S 
4 
2 

1 

1-1321 
1-1 310 
1- 1:504 

M3«)0 
M354 
11344 

M3IMJ            1 
M3in» 

•1431 

Wi'  have   y>,  '■[  =  jjf,  (\,       =^  constant, 

1  i 

^A)  =4-82(45)  =\:\srn.i\. 

J',  f 

Aveiglit  of  uneondensed  steam  =:  138  •.  ()"00'38  =  (>8()  lb.,  eoiiso- 
•<|uently  heat  rejected  per  pound  of  mixtnre  equals  1042  <  O'S  H  1<)"3 
X  ()'2  =  837  hi'at  units;  and  since  heat  snj)[)lied  per  |)ound  of  steanj 
=  110]  heat  uuit<,  the  lieat  ntili/cd  will  be  1101  S37  =  204  heat 
units. 

We  will  now  check  this  result  by  calculating  the  utilized  heat  from 
the  indicator  diagram  ot' the  engine;  then,  as  betbrc,  theetlective  work 
will  «'(|ual 

/■  ~-  1 
ih      ^ 


l>\  '"i      r 


'it^[^  (;::)""'■■]  -» 


<.r  62500    1    1(58000  —  :397oo  =  772  (248  lieat  units). 


and  the  etliciencv   = 


248 


0.225  <^   ^ 


0-25. 


1101  7', 

Tlie  <litference  204  —  248  =  10  is  ahout  ,ij„  of  24s,  which  la.^t 
value  is  nearly  correct,  for  more  exact  fornndic  give  about  250  heat 
units.  This  is  a  fair  approximation  for  an  empirical  tbrnuda  and  shows 
that  IT 35  is  not  far  from  the  ))ro|)er  mean  exponent  for  the  range  of 
pressure  occurring  in  this  e,\am])lc;  when  the  exponent  is  taken  e(pial 
to  IT.'),  the  two  methods  give  the  results  251  and  250  respecti\-cly,  th<' 
n"^ult  obtained  from  the  indicator  diagram  \ar\  ing  least  for  a  given 
•change  of  exponent. 

It  is  dithcnlt  to  umler^land  wh\  Prof,  fhurston  should  have  chosen 
the  exponent  that  he  ha-  done  in  this  discussion,  although  it  is  cvitlcnt 
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that  the  use  of  a  hirge  exponent  is   necessary  for  tlie  establishment  of 

his  proposition — that  tlie  efficiency  of  the  ordinary  type  of  engine  can 

X   T 

he  greater  than  — ^- —.    He  has  chosen  the  highest  adiabatic  expo- 

^  1 
nent  for  steam  that  can  be  found,  namely  that  for  superheated  steam ^ 
and  assumes  that  it  is  also  applicable  to  saturated  steam.  He  jus- 
tifies this  ct)ui*se  by  referring  to  what  is  obviously  an  oversight  in 
Prof.  McCulloch's  valuable  text  book,  in  which  the  erroneous  state- 
ment occurs,  that  Zeuner  has  determined  the  value  of  the  ex})onent  of 
the  abiabatic  curve  for  saturated  steam  to  be  equal  to  /.•  =  f,  and  that 
M.  M.  Cazin  and  Hirn  have  confirmed  this  result  by  experiment.  That 
this  statement  is  an  oversight  is  evident  from  the  facts,  that  it  occui-s 
under  the  head  of  superheated  steam,  that  Zeuner  has  determined  the 
exponent  for  the  adiabatic  curve  of  superheated  steam  to  be  equal  to 
n  =  ^,  and  that  M.  M.  Cazin  and  Hiru's  observations  were  made  on 
superheated  steam  and  not  on  saturated  steam.*  The  doubtful  pro- 
priety of  accepting  the  conclusion  to  be  drawn  from  the  error  above 
noticed,  Prof.  Thurston  himself  seems  to  have  recognized,  for  in  a  foot- 
note he  says  :  ''  This  value  of  A-  [=  ^~\  may  have  been  here  acce})tcd 
on  insufficient  authority,  however,  as  Zeuner  in  his  treatise  (French  ed. 
p.  3.'>2)  makes  it  l"13o,  and  Grashoff  makes  it  ri4.  Zeuner  also  shows 
that  the  value  of  h  is  reduced  by  the  addition  of  water  to  the  stejun." 

The  addendum  with  Avhich  Prof.  Thurston  ends  his  paper  is  also 
devoted  to  this  exponent  matter,  and  we  find  that  he  there  misapplies 
the  results  of  the  valuable  experiments  of  Mr.  J.  Hoadleyf  for  deter- 
mining the  exponent  of  the  compression  curves  of  a  quick-running 
portable  engine,  by  assuming  that  these  experiments  answered  the  pur- 
p(jse  of  determining  the  exponent  k  of  the  adiabatic  curve  of  expan- 
sion of  dry  saturated  steam.  The  large  exponent  (nearly  ^)  shown  bv 
thase  experiments  was  supposed  by  the  Professor  to  indicate  that  | 
would  be  the  value  of  k  if  the  cylinder  were  a  perfect  non-conductor. 
The  correct  inference  from  these  experiments  would  have  been  that  the 
adiabatic  exponent  for  saturated  steam  must  be  less,  and  that  for  su})er- 

*8ee  Mechanical  Tlieory  of  Heat"  p.  230  by  Prof.  K.  8.  McCulloch. 
'■  Theorie  de  la  Chaleur"  p.  445 — Zeuner. 

Hirn  and  Cazin — M^moire  sur  la  ddtente  de  la  vapenr  d'eau  surchaaufSe. 
Ann.  de  Chim.  et  de  Fhij>^.,  4  serie  T  10,  p.  349-370. 

fThe  Curve  of  Compression  of  the  Steam  Engine,  by  .J.  C.  Iloadley.  .Jovrxai, 
OF  THE  Franklin  Institi-te,  Jan.,  1878. 


230  Klein — Hmt  Encfinen.  [jour.  Frank,  last.. 

heaU-fl  stoani  jrrtaUT  than  1-2366  (the  exact  vahie  obtainevl  by  Mr. 
HfKulley).  Tliis  vahie  is  almast  exactly  the  mean  of  the  two  expo- 
nents l"13o  antl  ri33  dethiced  by  Zeuner  for  sjitnrateil  and  snjK^rheated 
j^teani  respec-tively;  the  coincidence  !.•«,  however,  an  accidental  one,  for 
only  an  intermediate  exjMuient,  not  necessjirily  an  exact  mean,  i.>*  to  Ih' 
C'Xj)eete<l  fVnm  the  (■<»inj)re.S8ion  curve  of  a  high  sj)eed  engine,  tiic  ,<tcani 
being  wet  at  the  beginning  and  sujX'rheated  at  the  end  of  the  com- 
pression. 

In  a  eliaj)ter  on  the  IMiilosophy  of  the  Steam  Engine,  the  late.>;t 
thing  he  ha.<  written  on  the  suitject,  Prof.  Thurston  .«till  uses  the  exccs- 
.<ive  exponent  ^,  and  again  gives  the  foot  note  just  quoted,  aL'Ct)mj)a- 
nied,  however,  by  tlie  additional  remark  that  Zeuner  give.**  ^for  su})er- 
hejittnl  steam.  Thi.-;  would  seem  to  make  it  nece.ssaiy  cither  t<»  prove 
Zeuner  wnmg  or  to  abandon  the  n.-^e  of  ^  f<»r  the  adiabatic  curve  of 
wet  steam — but  the  J*rof(>sor  luv^  done  nothing  of  the  kind. 

III.  Tfidt  ttlr  (III  (/as  cm/i)irs  hdvc  hrvii  hiti/f  whose  theorctica/  ejfi- 
viciiri/  »v/.s'  cfpui/  /o  iDiifi/ ;  all  unufi/ized  hv<it  hrinr/  rrsfoird  to  the  work- 
iiu/  ftub.Ht(tnce  by  maim  of  a  mass  of  ineta/  called  a  ^'Ref/enendory 

This  evidently  sujiposes  that  all  the  unntilize<l  heat,  /.  f.,  all  the 
heat  al)stracte<l  from  the  gas,  i.s  taken  up  by  the  "  regenerator,  but  this 
is  a  mistake,  only  a  j)art  is  thus  .stonnl  even  when  the  regenerator  i.>^ 
IR'rfect  in  its  actiou,  the  remainder,  that,  namely,  which  is  abstract***! 
during  compression  at  the  lowest  temjHjrature,  being  j)ermanently 
rejecttHl  by  Iwing  di.seharged  into  the  atmosj)here  bv  condu<"ti<tn,*  or 
into  a  rcfrigerat<»r  specially  prepared  for  the  purpose.  Dr.  liarnard 
and  Riinkine  were  the  first  to  j)oint  out  that  tlie  efficiency  of  an  engine 
with  regenenitor  wjl"^  not  greater  than  that  which  receive<l  ami  dis- 
chargcil  heat  only  at  its  upper  an<l  lower  limits  of  tcmjH'rature  rcsjxH-- 
tively,  that  the  true  office  of  the  regenerator  wjts  to  niise  and  lower 
the  tem|)erature  <>f  the  working  substance,  and  that  it  acccmiplisluHl  this 
result  in  a  less  btdky  manner  than  w:is  possible  by  the  contraction  and 
4'xpansion  of  volume  with<»ut  transmi.s>;ion  of  heat. 

IV.  It  ix  theoreiicfiUif  jxissihlv  to  Jiarr  a  "  neic  fi/pe  of  steam  enffhie" 
vhirh  will  jtri'fonn  work  without  rejertint/  herd  hi/  retiirniiKj  the  ico/'kiiif/ 
suhstance  to  the  boiler  in  a  pcenliar  manner. 

In  this  new  ty|ie  of  engine,  all  heiit  not  utilizetl  by  transformation 

*  Low  of  heat  by  conduction  in  tlii.s  part  of  the  process  must  not  be  prevented  even 
in  a  |)€rfect  engine,  for  it  is  an  absolute  necessity  if  work  is  to  be  produced. 
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into  work  was  to  be  returned  to  the  boiler  instead  of  V^eing-  rejected 
and  wasted  during  tlie  exhaust,  as  in  tlie  ordinary  type  of  engine ; 
nothing  being  lost  as  heat,  the  engine  must  be  theoretically  capable  of 
utilizing  the  full  mechanical  cHjuivalent  of  the  heat  energy  supplie<l 
Avithout  any  regard  t<»  its  range  of  temj)erature.  For  achieving  this 
result  the  new  engine  Mas  to  have  two  com})rcssing  pumps,  in  which, 
tifter  expansion  had  taken  place  in  the  working  cylinder,  the  water  of 
condensation  and  the  uncondensed  vapor  were  to  be  se})arately  returned 
to  the  boiler.  The  energy  expended  in  returning  being  practically  that 
of  returning  the  uncondensed  stciim,  it  was  assumed  that  the  latter 
"would  involve  not  only  the  return  of  the  charge  of  heat  containe<l 
in  that  steam,  but  also  the  return  of  all  the  energy  wliich  the  vapor 
had  yielded  during  its  expansion,  since  an  ecjuivalent  amount  of  heat 
would  l»e  generated  by  its  compression  to  boiler  pressure."  Xow  this 
la.st  nuist  mean  that  the  u-etne-'i.'i  of  the  steam  during  ex})ansi(>n,  and  its 
dryness  or  superhejited  condition  during  compression,  is  here  of  no 
consequence  whatever,  the  work  of  c(jmpressing  the  dry  uncondensed 
steam  to  boiler  })ressui'e  being  always  ecpial  to  the  work  j)erformed  by 
an  equal  weight  of  the  saturated  Jrtcam  whilst  expanding  in  the  non- 
conducting cylinder.  Were  this  correct,  the  Professor's  conclusion 
would  follow,  that  "The  ratio  of  the  total  work  done  in  restoring 
unutilized  heat,  to  the  work  done  by  the  stesim  on  the  piston,  would  be 


in  the  ratio  of  the  weight  of  uncondensed  steam  returned  to  the  boiler, 
to  that  supplied  to  the  working  cylinder  at  each  stroke."  A  surplus  of 
of  energy  would  thus  be  left  to  be  utilized  for  mechanical  purposes. 
That  the  steam  would  be  superheated  during  compression  <loes  not  seem 
to  have  l^een  entirely  ignored  by  the  Professor,  but  it  was  assumed  to 
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Ik-  ;i  coiKlitidii  that  would  Ik- t'avoraljle  instead  of  tatal  to  tlie  eiticieiK'v 
(»f"  the  "  new  type  of"  steam  engine."  This  was  heeaiise  undue  iuHu- 
eiiee  was  aseril)ed  to  the  eoni[)arativelv  slitrht  inerease  of  pressure  that 
woidd  oeciu'  it'  the  Mater  of  eondensation  were  present  and  were 
re-evaporated  duriiifj;  eompression,  wliile  the  pre])oiKleratin<j:;  influence 
of  the  lii^rh  temperatures  of  the  superheiited  steam  in  increasinji-  the 
resistanee  to  comijression  \v;ts  either  negleetetl  or  entirely  lost  sioht  of. 

The  indicator  diaf^ram  of  the  new  ty})e  of  steam  eujjine,  as  ^iven  l>y 
I*rof.  Thurston,  is  re})resented  by  abcea  (Fig.  4),  where  h  is  the  ])oint 
of  cut  off,  /jiiir  the  adiabatic  curve  of  expansion,  c  tlic  point  at  wliich 
tlie  water  of  condensation  is  sej)arate(l  frt)m  the  uncondensed  steam^ 
eh  the  supposed  adiabatic  curve  of  the  compression  of  luicondensed 
steam,  and  chce  the  area  representinji'  tlu'  surface  ot"  cncriiy  that  may 
be  used  for  mechanical  purposes. 

We  have  already,  in  a  <jencral  way,  jxtinted  out  the  fallacies  involvc<i 
in  suppctsini:;  that  the  work  of  returning  the  uncondensed  steam  to  the 
boiler  can  be  less  than  that  done  by  the  steiun  whilst  entering-  the 
cylinder  and  expanding,  but  will  now  give  a  more  detailed  examina- 
tion to  this  matter,  and  w  ill  show  that  in  the  "  new  type  (»f  steam 
engine"  the  work  expended  must  always  be  greater  than  the  work 
j>r(Kluced.  To  do  this  it  will  only  be  necessiiry  to  show  that  the  curve 
<»f  compression  of  the  uneondenstnl  steam  falls  above  the  expansion 
curve  hinc,  which  latter  may  also  be  I'cgarded  as  tlu-  ciu'N'c  ot"  compres- 
sion of  the  mixture  of  water  and  steam  which  exists  in  the  cylindei 
at  the  end  of  the  expansion  ;  for  if  the  water  of  condensation  be  not 
removed,  compressidii  without  ti"anst"cr  of  heat  w  ill  cause  the  curve 
cmh  to  be  retraced,  leaving  the  fluid  in  the  condition  of  dry  sjiturated 
steam  at  the  point  h. 

That  the  ciu've  of  the  uncondensed  steam  lies  above  that  belonging 
t<»  the  mixture  of  water  and  steam  can  be  shown  by  emphtying  tlu; 
formula?  for  the  adiabatic  curves  of  saturated  and  sui)erheate(l  steam^ 
respectively,  p  v^  =p,  r,"  =  p,  ^,^  P  V"  =  1\   T'/'  =  J\  l^ 

In  the  first  of  these  two  expressions  r,  r,  and  v^  must  be  undcrstotHl 
it<  rc|)rcscnting  the  volume  of  a  unit  of  weight  of  the  mixture  of 
water  and  steam  when  at  the  pressure  y>,  y>,  and  y>y  respectively;  whih' 
in  the  sec<»n(l  expression  I',  I,  and  !"„  rc|)resent  the  volinnc  at  the 
respective  |>re.ssures  /',  /',  and  1\  of  that  fracti<»n  of  a  unit  weight 
which  existed  as  dry  uuc(»ndense(l  steam  at  the  cud  of  the  expansion, 
or   lH,'ginning  of  the   coiuiM-ession.     The  various  values  of /•  when  the 
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^team  is  drv  sjitiiraktl  at  the  beiriiining  of  expansion  have  already 
been  given  in  the  foregoing  table,  and  were  there  seen  to  differ  but 
slightly  from  Zleuner's  mean  value,  1'135.  Zeuner  has  also  allied 
attention  to  the  faet  that  Rankine's  value  for  k  =  y  is  only  appli- 
cable when  the  steam  at  the  beginning  of  expansion  contains  about 
25  i)er  cent,  of  water,  and  that  when  the  steam  contains  68  per  cent, 
of  water  at  the  beginning  of  expansion,  its  curve  will  become  a})prox- 
imately  that  of  an  equilateral  hyi)erbola,  for  the  exjwnent  of  k  will 
then  equal  unity.  The  exponent  /(  of  the  second  formula  has  been 
assumed  by  Zeuner  to  be  equal  to  4,  which  is  nearly  correct,  even  within 
finite  and  j)ractical  limits,  for  tiic  experiments  of  Hirn*  give  values  of 
H  which  vary  from  1"29  to  1-31  and  increase  with  the  degree  <tf  super- 
heating. There  is,  moreover,  reason  to  believe  that  ^  is  the  limiting 
value  of  the  adiabatic  exponent  of  every  superheated  vapor  where 
molecules  are  composed  of  three  atoms.t 

If  we  apply  these  two  formulse  to  the  "  New  Type  of  Steam  Engine  " 
and  neglect,  as  before,  the  volume  of  the  water  of  condensjition,  we  get 

1  1 


T  0  =  'V 


In  order  to  determine  M'hich  of  the  two  curves  lies  above  the  other, 
we  have  only  to  compare  their  volumes  when  they  have  the  same  pres- 
sure, for  the  greater  volume  aWII  belong  to  the  higher  curve,  as  in  Fig. 
4,  when  of  the  two  volumes  pm  and  p7\,  the  greater  pn  belongs  to  the 
higher  curve  end.     If,  therefore,  we  assume  P  =  p  we  shall  have 


^=^>   1 

^0         Po 


and   —  = 


iO 


1 
I- 


i^y 


<Po' 
from  which  follows  that  V  will  be  greater  than  v,  when  the  numera- 

*  Him  and  Bazin,  Memoire  siir  la  detente  de  la  vapeur  d'eaii  surchanfFee. — Ann. 
<h  chim.  e(  dephys.,  4  Serie,  vol.  10,  pp.  349 — 370. 

See,  also,  Rlihlniann,  '"Handbiich  der  Mechanischen  Warnie  Theorie,"  p.  710. 
fSee  Wiillner,  "Experimental  Physik,"  p.  530. 
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tor  ot"  tlie  second  mt'inbort)!"  equation  <S  is  greater  than  the  denominator, 
i.  e.,  when  the  exponent  k  is  less  than  the  exponent  ». 

Since  all  the  experimental  evidence  bearin*;  on  the  matter  j^oes  t<v 
show  that 

k<n<i 

we  must  conchide  that  the  curve  of  compression  oi"  the  uncondense<I 
steom  lies  above  the  curve  of  exj)ansion  hnic  and  that  consiMpK-ntly  the 
work  of  returning  the  uneondensed  sti'am  to  thi'  boiU'r  must  \k'  (/rnif<-r 
than  the  work  which  the  steam  can  |)crfnrm  whilst  entcrinii-  the  cylin- 
der and  expanding  ;  in  other  words,  the  "  New  Type  of  Steam  l^ngiiie" 
is  woi-se  than  worthless,  for  it  will  not  drive,  it  must  be  driven,  it  is 
not  a  motor  but  a  heat  generator,  and  instead  of  having  an  cfticiency 
equal  to  unity  it  has  an  efficiency  which  is  representetl  by  a  iiii)ni,f 
quantity. 

That  the  performance  of  this  engine  dews  not  improve  (as  Prof. 
Thuston  seems  to  think)  witli  greater  range  of  j)rcs>^nre,  is  shown  by  the 
following  tal)le  which  gives  the  ratio  of  the  work  expended  to  the 
work  produced  : 


T     xi     uKT       rr  !•  a.  t'      •      »>  work  expended 

In  the  "New  Type  of  bteam  hnguie ? —   = 

work  [)roduced 


Kxponents  of 
adial)atic  curve  for 


Ratio  of  final  to  initial  pressure. 


satunitcil  sui)erhe;it-           |  i  i                J. 

stciun      ed   steiun.          T  if  32"              T2"S 

k  n 

M:}.")         1-300  1.017  l()i>3  1-H)4  1-316 


l-()0 


1-133         1-020         M01»         1-230         1-381 
1-133  1-038  1-210  l-4o!)  1-787 


ilie  values  of  tliis  table  were  obtained  as  follows  : 
L.  =  work  |iro(liieed  =  area  [txihr^         /•,  />  >' f^)  =  ji^  r 

/•-I 


B[^  -  (;';;)  '■  ] 
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Lo  =  work  expended  =  area  (o a  d  \\  +   Y^de  v^  =  y>,  Fj  -j- 


^■[^-(^)"] 


If  now  we  divide  the  last  equation  by  the  iirst  and  reduce  by  means 

of  e<juation  8,  making  tl  =  r,  we  shall  have 
Pi 


and  Avhen  A-=] ,  we  have  — -_ _ 


Lo 

1 
_   (k  —  1)  {n  >'°- 

■'•) 

L, 

{n  —  1)  (A-  r^— 

1 

T.         n 

/•"- 

^'^       /-(/i-ljll-rhyp.logi) 

r 

This  closes  our  examination  of  the  errors  enumerated  at  the  beginning: 

of  this  diciLssion  ;  it  has  showni  us  that  the  special  arguments  advanced 

in  support  of  the  thermodynamic  fallacies  are  worthless,  that  they  con- 

tain  nothing  which  can  throw  doubt  on  the  demonstration  that     ^   ? 

is  the  expression  for  the  maximum  efficiency  of  all  possible  heat  engines. 

Note. — The  scale  of  absolute  temperature  is  due  to  W.  Thomson,  who 
has  given  two  ecpiivalent  definitions  of  it,  of  which  the  first  is  : 

"  The  scale  of  dbsolute  tempei^ature  k  the  reciproc((/  of  Carnofs- 
Function." 

Expressed  analytically,  this  is:  ■ 

wliere  ./is  Joule's  equivalent,  I -!^ — Lj     is  the   rate  at  which    the  heat 

(furnished  to  or  abstracted  from  the  body)  varies  with  the  volume  when 
the  temperature  remains  constant  and   (--^J     the  rate  at   whicji  the 

pressure  varies  with  the  temperature  when  the  volume  is  constant. 
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The  .•^t'coml  inemlxT  of  thi.s  equation  «in  be  obtained  from  tlie  prop- 
erties of  any  b(xly,  antl  is  remarkal)le  in  varying  only  with  tlie  tem- 
perature, having  the  .sjime  value  for  all  sub-stances  that  have  the  stime 
temi>oraturc  and  is  therefore  to  Ix'  rciiarded  as  a  function  of  the  tem- 
jK-ratiirc  only.  At  first  it  was  tV'are<l  that  this  function  might  be 
4litticult  to  express  in  tcnus  of  the  readings  of  the  ordinary  standards, 
but  experiment  showed  that  the  iiunierical  vahies  of  this  fimction  did 
not  (iitler  essentially  from  the  readings  of  a  .standard  air  thermometer 
whoM'  tVec/.ing  and  b(»iling  points  were  resiiectively  marked  '2~-Vl°  and 
'M'Vl'^ .  The  reci]>rocal  <»f  C'arnot's  Function  was  therefore  .seized  upon 
l)y  Thoni.son  as  a  suital»le  means  of  expressing  temjierature  ab.solutely, 
/'.  c.  independently  of  the  })ropertie.s  of  any  particular  substance.  This 
function,  it  should  be  reniemlKU'ed,  was  deduced  from  the  cycle  of  C'arnot's 
i'ligine  when  working  with  an  intiniti'ly  small  range  of  temper.iture ; 
from  this  follows  that  the  alK>ve  definition  of  ahsolute  temperature  is 
CHpiivalent  to  the  following,  also  given  by  Thomson  : 

"  T/ic  (ihsoliitc  values  of  tifo  t>'inj)rraft(irfs  arc  to  one  anot/icr  In  the  jtro- 
jiOrtio/i  of  f/tc  Jkcat  taken  In  to  tlie  heat  rejected  in  a  perfect  thertnodynamic 
engine,  trorhhi*/  irlfli  a  .source  and  refra/erator  at  the  hajher  and  hirer 
tenijji  ridnres  retijjecflreli/. 

Analvticallv  expre.s.sL'd,  this  is: 

%   =   T, 

from  which  we  can  get 

Vi  -  Vo  _    " .   _  r.  -  y-Q 

and  from  this  follows  that  equal  differences  of  absolute  temperature 
represent  e(|ual  (piantities  of  work  })erforme<l  in  a  perfect  thermo- 
<lvnami<'  engine. 

Imitation  Ebony. — Oak  may  be  dyed  so  as  to  resend)lc  ebony  by 
soaking  it  tor  forty-eight  hours  in  a  hot  sjitunvted  .solution  of  alum  an<l 
then  painting  it  witli  a  deccjetion  of  one  part  Campeachy  wo(m1  in 
eleven  ])arts  water.  This  decoction  shouhl  be  fii"st  filtered  and  slowly 
JMjiled  down  to  one-half  its  volume,  when  ten  to  fifteen  drops  of  neutral 
indigo  tincture  should  be  ad<led  to  every  (piait.  After  the  application 
of  this  s(»lution  the  M'ood  should  be  rubbed  with  a. saturated  solution  of 
verdigris  in  acetic  acid.  The  o[)erati<»n  is  to  be  repeated  till  the  desired 
tint  is  obtaincMl. — l)er  Techniker.  C 
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REPORT  OF  THE  COMMITTEE  ON  SCIEXCE  AND  THE 
ARTS  OX  AIXSWORTH'S  AUTOMATIC  SAFETY- 
SWITCH   FOR   RAILROADS. 


Hall  of  the  Franklix  IxsTniTK,  > 
Philadelphia,  Nov.  29tli,  187)S,      ) 

The  Coniniittee  on  Science  and  the  Arts,  constituted  by  the  Franklin 
Institute  of  tlie  State  of  Pennsylvania,  to  Avhoni  was  referred  for 
examination  Ainsworth's  Automatic  Safet\'-switch  for  Railroads,  report 
that  they  have  carefully  examined  the  switch  itself  and  the  inventor's 
plans,  specifications  and  model,  and  find  that  this  switch  bclonos,  t>en- 
endly  speaking,  to  the  same  class  as  the  I^orenz  or  Enolif^h  switch,  but 
differs  from  all  other  switches  known  to  your  committee  in  several 
important  respects.  The  invention  may  be  divided,  for  the  purposes  of 
this  report,  into  two  separate  parts  :  the  switch  proper  and  the  switch 
stand,  or  mechanism  for  moving  the  switch.  Referring  to  the  a<'C(^m- 
panying  cut  (Xo.  1),  it  will  be  seen  that  in  this  switch  the  outer  rail 
of  the  main  line,  A  A  (the  rail  farthest  from  the  siding),  is  unbroken 
or  contimums;  while  the  inner  rail  of  the  main  line, -4^i>\  is  bent 
slightly  at  f/,  resumes  its  former  course  at  <1\  and  continues  to  d',  the 
amount  of  the  deflection,  (/  f/\  being  equal  to  the  width  of  the  head  of 
the  rail.  At  <l^  the  rail  bends  again,  and  from  thence  continues  in  a 
long  curve,  forming  the  inner  rail  of  the  siding.  These  rails  (A  A^ 
and  A^  /j')  are  fixed  and  continuous ;  but  between  them  are  two 
point<'d  rails  [C B  and  A'^  E^),  joined  rigidly  together  l)y  projjcr  rods, 
so  that  when  one  jxnnt  is  against  the  nearest  rail  the  other  ])oint  will 
stiind  off  from  its  rail  a  distance  of  four  (4")  inches.  These  moveable 
rails  or  j)oints  are  so  j)laced  that  E^  is  considerably  in  advance  of  C, 
and  both  are  shaped  to  fit  against  the  fixed  rails  at  one  extremity,  and 
are  securwl  at  their  other  ends  by  fish  plates,  so  that  a  movement  of 
these  rails  in  one  direction  or  the  other  will  cause  an  approaching  train 
to  continue  on  the  main  line  or  be  shunted  into  the  siding. 

In  addition  to  the  ])riiicipal  i)arts  already  enumerated,  there  is  also 
furnished  a  guard  rail,  C'  1).  It  will  be  seen  that  the  switch  rail,  E 
E\  has  its  point  advanced  such  a  distance  l)efore  the  point  of  the  other 
switch  rail  {f'c),  that  it  will  catch  the  flange  of  an  a|)proaching  wheel 
and  determine  its  direction  before  the  other  wheel  on  the  same  axle  has 
reache<l  the  other  |)oiut  ;    and,  moreover,  as  this  projecting  i-;iil  is  com- 
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parutively  blunt,  and  has  its  base  but  little  diminished  in  breadth,  it 
presents  a  good  bearing  for  trains  passing  on  the  main  line,  and  as  its 
inside  edge  coincides  with  the  inside  edge  of  the  main  line,  and  its 
height  is  the  same,  trains  pass  the  switch  without  jar.  When  tlieswit<-h 
is  set  for  the  siding,  the  advanced  j)oint  of  K  K^  cat<'hes  the  flange  of 
the  apj)roiu'hing  wheel,  and,  acting  as  a  guard  rail,  forces  it  into  the 
siding,  but,  at  the  same  time,  prevents  the  opposite  wheel  from  .striking 
the  other  point,  and  thus  relieves  that  point  of  all  work  at  its  extreme 
end  ;  while,  in  the  case  of  trains  leaving  the  siding,  the  guard  rail, 
C'7),  catches  the  flange,  and,  guiding  the  wheels,  prevents  the  flange 
from  striking  the  ottset,  dd^,  in  the  rail,  ^-  B\  which  might  other- 
wi.se  suffer  from  the  work  that  would  be  put  upon  it.  The  rail  E  E^ 
is  rolled  \"  less  in  height  than  the  other  rails  of  the  switch,  and  its  flange 
is  curved  by  the  smith  to  flt  on  the  upper  surface  of  the  flange  or  ba.se 
of  the  fixed  rail  A^B^,^o  that,  without  diminishing  materially  the 
width  of  the  base  of  E  E^  the  two  rails  are  brought  together,  and  the 
ba<c  of  E  E^,  riding  up  on  that  of  A'-  B\  distributes  the  weight  of  the 
train  partly  over  the  base  of  the  fixed  rail  (.1'^')  and  |)artly  over  the 
iron  j)lates  u}>on  w  liich  the  moving  rail  E  I'J^  slides.  In  order  that  the 
point  E^  II  may  retain  its  position  with  reference  to  the  ottset  in  A'  B^, 
regardless  of  changes  of  temj)erature,  these  two  rails  are  bolted  at  (»ne 
end  to  the  .same  iron  casting  («),  and  arc  thus  compelled  to  expand  and 
contract  together. 

The  switch-.><tand  (.shown  in  cut  No.  2)  contains  a  cranked  shaft 
operated  by  a  weight(Hl  lever  and  joined  by  a  suitable  connecting  nnl 
with  the  moveable  switch  points.  A  movement,  therefore,  of  the 
weighted  lever  through  a  .«;emicircular  arc  .serves  to  open  or  shut  the 
s\vit<'h,and  the  comiecting  rod  contains  an  adjustable  spring  which  will 
permit  a  train  leaving  the  siding  to  sj)ring  the  rails  over  suflicicntly  to 
])ass,  and  yet  has  tension  enough  to  draw  the  points  back  into  jxtsition 
to  leave  the  main  line  clear.  In  these  respects  it  is  similar  to  the 
Lorenz  switch-stand  ;  but,  furthermore,  it  is  s<»arrangcil  that  wlien  it  is 
set  for  the  siding,  and  a  train  pa.s>ies  on  the  main  line  in  the  direction 
toward>  which  the  points  open,  the  wheels  will  not  simply  force  the 
switch  shut  liv  coiiipi-cssing  the  sj)ring,  but  will  cause  a  friction  rollei- 
ou  the  e.xtremitv  <»f  the  switch  or  connecting  rod  to  m<»ve  up  an  inclined 
}»laJie,  i)ringing  a  second  friction  roller  under  th(!  crank,  and  thus  lift- 
ing it  over  the  centre.  The  counterweight  on  the  lever,  by  its  weight 
•.\\v\  momeiitinii,  cninpletes  tile  movement  with  some  force,  and  thus,  by 
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H  positive;  motion,  the  first  pair  of  wheels  of  a  train  on  the  main  line 
moving  in  the  proper  direction  of  travel,  closes  the  switch,  that  is, 
sets  it  for  the  main  line. 

This  switch  has  also  another  essential  peculiarity.  In  other  similar 
-•stands  the  elasticity'  of  the  connections  remains  constant,  and  is  suffi- 
<*ient  to  enable  the  switch-tender  to  throw  the  lever  into  place  although 
the  switch-points  may  be  held  from  the  rail  by  accumulations  of  snow 
<  >r  ice,  or  by  stones  from  the  ballasting,  and  the  switch  may  thus  be  left 
in  a  most  dangerous  condition  ;  l)ut  Ainsworth's  switch  is  so  made  that 
<liiring  the  act  of  closing  or  o])ening  it,  and  until  tlie  points  are  moved 
<|uitc  into  place,  the  connections  between  the  stand  and  the  points 
liccome,  for  the  time  being,  rigid,  or  non-elastic,  and  it  is  impossible 
to  shove  down  the  ball  on  the  switch-lever  until  the  points  are  entirely 
home ;  and  the  throw  of  the  crank  is  great  enough  to  permit  the  switch 
to  be  moved  before  the  end  of  the  arc  is  reached.  This  important 
result  is  acconn)lished  (as  shown  in  cut  No.  2  herewith)  by  means  of  a 
slotted  plate  {a)  in  which  works  a  ])in  [b)  attached  to  the  end  of  the 
switch-rod  :  During  the  act  of  shifting  the  switch,  this  pin  remains 
jigainst  a  shoulder  in  the  slot,  and  any  change  of  length  in  the  switcli- 
rod  is  prevented  ;  but,  at  the  conclusion  of  the  movement,  the  plate  is 
moved  by  a  positive  motion  into  such  a  position  that  the  })in  may  move 
jilong  one  of  the  slots  to  permit  the  points  of  the  switch  to  be  sprung 
<iver.  It  is  thus  rendered  impossible  for  the  switch-tender  to  leave  the 
switch  half  open,  if  he  puts  the  ball  down  and  locks  it  in  place,  for, 
in  f>rder  to  do  this,  it  is  necessary  that  the  switch  be  either  open  or  shut. 

In  examining  and  testing  this  switch,  your  committee  have  had 
in  view  the  fact  that  there  are,  generally  speaking,  four  diti'erent  con- 
ditions under  which  a  "  safety-switch  "  is  tried  in  practice,  and  which  it 
must  fulfill  in  order  to  establish  its  claim  of  "  safety."  These  condi- 
tions may  be  stated  thus  : — ^^'hen  the  switch  is  set  for  the  main  track,  it 
is  essential,  first,  that  it  be  safe  for  trains  passing  in  either  direction  on 
that  track,  and,  secondly,  tiiat  trains  nuist  also  be  able  to  pass  in  safety 
from  the  siding  to  the  main  line.  When  the  switch  is  set  for  the  siding, 
trains  must  be  able,  thirdly,  to  pass  into  or  out  of  the  siding,  and, 
fourthly,  to  pass  along  the  main  line  in  the  direction  towards  which  the 
switch  o])ens.  Your  committee  were  enabled  to  test  the  Ainsworth 
Automatic  Safety-switch  in  all  of  these  ])articulars,  and  in  every  case 
found  it  to  give  most  excellent  results.  In  the  first  case  just  stated, 
trains  must   ])ass  in   either  direction  with   perfect  safety,  for  one  rail 
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remains  ontiivly  unbroken,  and  the  Hanjic  of  the  wheel  is  eonipelled  to 
follow  it  by  the  u:nar(l-rail,  and  by  the  outer  switch-rail  aetino-  as  a 
^uard-rail  to  prevent  wear  on  the  points  ;  and  the  inside-track  rail  also 
orters  a  j)raetieally  continuous  and  sufficient  bearing-  for  the  tread  of  the 
wheels.  In  the  second  case,  the  sjn'ing  in  the  "switch  "  or  '' connect- 
iiiir"  rod,  acting  as  in  tlie  Lorenz  ami  English  switches,  ])erinits  the 
outgoing  train  to  move  the  points  sufficiently  to  ])ass,  and,  after  the 
p;ts.s{ige  of  the  train,  the  spring  restores  the  ])oints  to  their  pro{)er  p<>si- 
tions.  This  the  committee  tested  repeatedly,  by  running  trains  through 
the  .'twitch  at  high  and  slow  S]K'e<ls,  and  \\  itli  jH-rfeetly  satisfactor}- 
result*^. 

Under  the  tlie  third  head,  that  is,  with  switch  set  tor  siding,  traiur^ 
are  j)erniitted  to  pass  safely  in  either  direction.  When  they  nifrr  tiie 
siding,  the  advancing  flange  on  the  switch  side  of  the  track  entiM-s  th<^ 
four-inch  aperture  between  the  point  and  the  rail  ;  is  diverted  by  tlu' 
projecting  i>oint,  and,  before  the  o]»j)osite  wheel  has  reached  the  otluT 
point,  the  inside  wlieels  will  have  obtained  a  good  bearing  on  the  bent 
ctr  continuous  switch-rail,  and  the  oj)cn  main-track  rail  acts  as  a  guard 
to  prevent  wear  on  the  point  of  the  oyten  switch-rail ;  while,  in  ca.se  of 
trains  leaving  the  siding,  the  thmge  is  caught  by  the  guard-rail,  and 
the  wheel  is  diverted  on  to  the  main-line  unbroken  rail  before  the  oppo- 
site flange  has  reache<l  the  bend  in  the  c(Uitinuous  switch-rail.  And,, 
fourthly,  trains  icussing  against  the  p<tints  will,  of  course,  entci-  the 
switch,  while  trains  ])assing  with  the  })oints,  or  in  the  proper  direction 
of  travel,  will  continue  on  their  course,  aiid  continue  without  int<'rru])- 
tion  or  jar  ;  but  the  first  pair  of  wheels  to  enter  the  switch  will  close 
it,  and  the  train  will  leave  it  set  for  the  main  line  by  the  mechanism 
I >reviously  descri ! )e<  I . 

As  this  is  a  feature  ^KKsesstnl  by  no  other  switch  known  to  your 
(•(tmmittee,  esjwcial  pains  weiv  taken  to  note  its  action  under  repeate<l 
ex|)eriments,  and  the  connnittee  are  satisfied  that  it  is  certain  in  its^ 
operation  and  fully  su.stnined  the  in\(nt<»r's  claims,  lint,  l)csides  the 
foregoing  legitimate  ca.ses,  we  must  consider  the  possibility  of  mali- 
ciously or  accidentally  setting  the  switch  wrong.  .Vs  we  iiave  seen,  it 
is  impossil>le  tliat  the  switch  be  left  in  a  dangerous  |»osition  if  the  lever 
be  put  in  either  of  its  extreme  jx)sitions  ;  but,  sup|)ose  the  lexer  not 
)mshe<l  t(»  place,  but  standing  upright  or  blctckcd  in  some  intermediate 
place,  will  it  cause  a  train  to  leave  the  track  ?  'fo  try  the  effect  of 
this,  the  switch-lever  was  raised    to  about  a  central    |tositioii,  and   the 
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train  was  run  at  the  points.  Under  these  eireuni.stanoes  it  \va.s  found 
that  the  wheels  would  invariably  take  one  side  or  the  other  of  the  pointy 
and  turn  into  the  siding  or  contiiuie  on  main  track.  If  the  ilange  of 
the  wheel  be  as  sharp  as  usual,  it  follows  that  the  wheel  must  take  one 
side  or  the  other  of  the  point;  but  if  the  flange  be  sufficiently  In-oad,. 
it  is  possible  that  it  might  strike  the  point  so  direetly  that  the  wheel 
might  ride  up  on  the  point;  but,  even  if  it  should,  no  harm  rould 
result,  because  the  op})osite  flange  would  be  guided  l)v  the  guard-rail 
and  the  other  point.  The  working  parts  of  the  stand  are  prote<'te<l 
from  the  weather  or  from  mischievous  interference  bv  a  stout  woikIcu 
cover,  and,  as  we  have  already  seen,  it  is  impossible  for  the  switcli- 
tender  to  set  the  switch-lever  "  home  "  in  either  position  unless  the 
points  are  also  in  their  proper  positions.  In  all  of  these  respects  the 
switch  worked  admirably,  and  there  does  not  appear  reason  why  it 
should  not  be  at  least  as  durable  as  any  other  safety-switch  in  the  mar- 
ket. It  is  sufficiently  simple  in  its  construction,  and  may  l)c  manufac- 
tured quite  as  cheaply  as  other  switches  of  its  class,  especially  as  it 
requires  but  little  machine-shop  work  or  fltting  to  construct  it.  Its  in<K-^t 
complex  part  (the  stand)  consists  cliiefly  of  steel  castings,  which  may  be 
put  together  with  scarcely  any  finishing.  In  conclusion,  your  commit- 
tee have  to  report  that  they  find  that  the  Ainsworth  switch  sustains 
fully  the  claims  made  for  it ;  that  it  performs  its  work  surely  and  sat- 
isfactorily, and  seems  to  possess  reasonable  durabilit\';  and  they 
welcome  it  as  a  successful  effort  to  diminish  the  danger  of  what  hasi 
proved  the  most  prolific  source  of  railway  accidents. 

O.  B.  CoiiTox. 

Thos.  Shaw. 

Mm.  D.  Marks. 

Coi.EMAN  Sellers,  Jk., 

Chainnnn. 
Approved  by  the  Committee  on  Science  and  the  Arts,  Marcli  5, 1879- 

Henry  .Cartwright, 

(lininnan  pro  tnn.. 


Air-tight  Corks. — Plunge  the  corks  in  melted  paraffine  and  keep 
them  there  for  about  five  minutes.  Corks  thus  prepared  ciui  be  ea.sily 
cut  and  bored,  and  easily  inserted  or  withdrawn  from  the  bottles.  They 
arc  both  air-tight  and  water-tight. —  Dcr  Tcrhnikcr.  C. 
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REPORT  OF  THE  COMMrTTEE  OX  SCTENTE  AND  ARTS 

OX  XORBERT  DE  LAXDTSHEER'S  MACHIXE 

FOR  TREATIXG  FLAX,  HEMP,  Etc. 


Hall   of   the   Fhaxkllv   Institutk,  \ 
Philadelphlv,  Dw.  19th,  1878.      j 

The  Committee  on  Science  ami  the  Arts,  constituted  by  the  Fr.mklin 
Institute  of  the  State  of  Pennsylvauiu,  to  wliom  Mas  referred  for  exam- 
ination Xorl)ert  de  Landtslieer's  inacliine  for  treatinjj;  tlax,  hemp  and 
other  simihu"  plants,  report  that  the  machine  occupies  a  floor  space  of 
jihout  8  by  10  feet,  and  consists  of  a  cast-ir(Mi  frame,  a  stationary  fee«l- 
b«)ard  or  table,  two  pairs  of  fluted  metal  rollers,  a  sheet-iron  drum  or 
<\vlinder,  furnished  with  blades  or  beaters  of  wood  at  regular  intervals 
around  its  circumference,  and  the  neceasary  driving  j)ullevs,  wheels, 
pinions  and  gears  for  automatic  ojx-ration.  In  outward  appearance  it 
-somewhat  resend)les  a  grain  fan. 

Two  distinct  oi)erations  upon  the  sta})le  to  be  treated  are  performed 
by  this  machine:  the  first  that  of  breaking,  the  second,  of  scutch- 
ing. The  object  of  the  first  is  to  break  the  stem  (»r  "  boon"  forming 
the  woody  interior  of  the  Hax,  or  other  similar  fibrous  plant,  that  this 
refuse  may  more  readily  be  removed  in  the  subse(|ucnt  oj)erations. 
The  second  is  to  beat  or  '' .scutch"  out  this  "  boon"  or  broken  straw, 
thus  leaving  the  fibre  in  a  condition  to  be  mechanically  divided  in  the 
heckling  machine  or  gill-box. 

In  operation,  the  stalks  of  hemp  (»r  flax,  which  had  previously 
undergone  the  ])rocess  of  "  retting"  or  rotting,  were  phu^ed  u|)on  the 
feed-table  of  the  machine,  and  i'^'i]  to  the  first  pair  of  fluted  rolls  or 
<ylinders  in  the  direction  of  the  fibre's  length.  These  fluted  rollei*s 
:ire  each  supported  in  journal-i)oxes,  which  allow  the  teeth  or  flutes  to 
mesh,  but  preventft^them  f'n+m  coming  in  contact  at  the  bottom  of  the 
flutes.  To  thes<'  n^lls  (»r  cvlinders  is  imparted,  by  suitai)le  mechanism, 
itn  alternate  circular  motion,  forward  in  the  direction  of  the  scutching- 
<lrum  and  backward  in  the  direction  of  the  feed-table,  the  forward 
motion  being  the  greater.  This,  while  imparting  a  reciprocal  move- 
ment to  the  fibrous  stalks,  thus  effectually  breaking  the  'M)oon"  or 
woody  interior,  at  the  same  time  carries  the  "striek"  or  broken 
portion  forward  to  be  still  fnrther  operated  upon  by  the  scntching- 
druju  or  cvlinder. 
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This  drum  is  of  sheet-iron,  affixed  to  cast-iron  rims  or  spidei's,  is 
four  feet  in  diameter  and  is  furnished  with  sixteen  tough  wooden 
blades  or  beaters.  It  revolves  in  an  opposite  direction  to  the  forward 
motion  of  the  breaking  rollers ;  that  is,  the  upper  periphery  of  the 
scutching-drum  moves  in  the  direction  of  the  feed  end  of  the  machine, 
thus  bringing  its  beaters  with  a  downward  blow  against  the  pendant 
iibres,  beating  out  the  *'  boon"  or  broken  woody  interior.  This  operatiou 
is  still  further  aided  by  the  current  of  air  set  in  motion  l)y  the  revolu- 
tion of  the  drum  which  winnows  the  chati'  from  the  long  lines  of  fibre. 

When  the  stalks  have  been  fed  between  the  lluted  rolls  to  a  little 
beyond  the  centre  of  their  length  the  alternate  circular  motion  is  con- 
verted automatically  or  by  hand  to  a  rajiid  continuous  reverse  motion, 
which  delivers  to  the  operator  who  then  feeds  the  unbroken  stalk  ends 
t<;>  the  breaking  rolls.  These  in  turn  undergo  the  above-described  o})era- 
tions  and  the  fibre,  discharged  as  before,  free  from  straw  or  "  boon" 
and  in  straight,  untangled  lines. 

The  mechanism  designed  to  impart  the  alternate  circular  and  contin- 
uous reverse  motions  to  the  lluted  rollers  consists,  in  its  essential 
features,  of  a  concentric  pinion-wheel  brought  into  alternate  working 
contact  with  cogs  on  the  concave  rim  of  a  surrounding  gearing  and  a 
system  of  crossed  and  open  belts.  This  mechanical  contrivance  is 
deserving  of  special  mention,  being  well  adapted  for  the  purpose 
designed,  is  capable  of  adjustment  to  suit  different  lengths  of  fibre, 
and  may  be  controlled  automatically  or  by  hand. 

The  flax  stalks  operated  upon,  were  grown  not  for  the  fibre,  but  toi" 
t^eed  alone,  and  had  not  been  proj)erly  "  retted" ;  yet  the  machine 
under  consideration  performed  the  oj)erations  of  breaking  and  scutch- 
ing with  entire  success.  Plax  stalks,  two  feet,  and  hem})  stalks  eight 
feet  long  Avere  alternately  fed  to  the  machine  and  the  fil)re  was  deliv- 
ered clear  of  "boon,"  straw  and  w<K)dy  material,  in  from  thirty  to 
forty  seconds,  while  but  very  little  scutching-tow  or  codilla  was  made. 

The  machine  is  rapid  in  its  action,  not  complicated  with  delicjite 
and  nicely-to-be-adjusted  parts,  requires  comparatively  little  power  to 
driv'e  and  does  not  need  skilled  labor  to  operate  it.  It  is  a  French 
invention,  and  letters  patent  have  been  granted  in  England  and  the 
l^m'ted  States,  the  former  bearing  date  May  ."iOth,  1874,  and  desig- 
nated by  Xo.  1900,  the  latter  May  8th,  1877,  and  lunnbered  190,47<). 

The  introduction  and  general  use  of  this  machine  would  witlnuit 
<loubt  tend  to  restore  and  extend  the  cultivaticm  of  such  fibrous  ])]ants 
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a<  Hax,  lieiu|>,  jute,  and  otliers  (»f  a  similar  nature,  by  onal)liii«i-  jmxlu- 
ivi'ti  to  deliver  tlie.se  sseveml  Hhrcs  in  a  clean,  straioht,  loiior-line,  mar- 
ketable shape,  at  low  cost. 

Tnlike  cotton,  wliicli  is  com|)aratively  a  delicate  ])lant  that  can  onlv 
he  grown  profitably  in  the  Southern  and  Soutliwestern  States,  Hax  and 
kindrwl  jdants  may  l)e  orown  readily  throuuhout  our  entire  countrv. 
Light  soils  are  more  suitable  for  its  development,  but  good  cro|)s  mav 
be  gathered  from  strong  and  clavev  ground.   ■'   *A     .9^-<»! 

Hitherto  the  operations  of  breaking  and  scutching  have  been  largelv 
|»erformed  by  hand.  Where  machinery  has  l)een  used,  each  (t])eratioii 
required  a  distinct  and  .«ei)ai-ate  machine.  Rude  in  design  and  im[>er- 
fect  in  performance,  they  have,  even  in  flax-groping  districts,  scarcely 
8U])planted  the  i)rimitive  methods.  Avhile  in  this  countrv  thev  are 
alnio.'^t  unknown. 

Your  sub-committee  theivfore  respectfully  sul)mit  the  above,  and 
believe  this  machine  to  be  a  valual)le  and  useful  imjn'ovement,  wi>rthv 
of  award. 

Stockton   U.vtks, 
('has.  H.  llWK.S, 
(\  J.  MiLXK, 

John  Shinx. 


FKAXKLIN  INSTITUTE  STANDARD  SCHKW  THKKAD. 


We  are  in  receipt  of  a  letter  from  the  Morse  Twi.st  Drill  and  Ma<'hine 
Co.,  of  New  Bedford,  Mjuss.,  in  reference  to  thestandard  for  screw  threads 
proposed  by  this  Institute  fifteen  years  ago.  This  letter  we  publish 
entire,  but  must  venture  some  comments  on  that  ])ortion  of  it  alluding 
to  the  difficulties  t(»  be  ex))erienced  l)\-  manufacturci*s  in  originating 
their  own  standards.  On  i)age  247  will  be  found  the  assertion  "  If  juan- 
utacturers  establish  their  own  standard,  their  work  will  not  interchange 
either  with  (»ne  another  or  with  the  (r(»vernmcnt  standartls,  by  which 
the  largest  majority  (»f  the  work  has  thus  far  been  constructed."  The 
so-called  (Jovcrmnent  standards  are  the  .sample  screws  and  threaded 
collars  |)urcha.sed  by  the  Navy  I  >epartment  for  certain  of  the  Navy  Yards. 
These  were  nuide  i)y  a  Mr.  I'ox,  and  may  or  may  not  be  correct  in 
diameter  in  angle  of  thread  or  in  the  width  of  flat  top  and  bottom.  They 
are  said  to  have  been  made  according  to  the  formuhc  pre])ared  i)V    Mr. 
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William  Sellers  and  adopted  by  the  Institute.  What  is  claimed  for  these 
formulae  is  that  they  offer  rules  to  guide  workmen  of  ordinary  intelli- 
gence to  originate  each  for  himself  work  that  would  interchange  with 
the  work  of  the  makers.  AA  e  do  not  think  that  tlie  same  accuracy  of 
tit  is  required  in  bolts  and  nuts  as  is  looked  for  in  sttindard  plugs  and 
rings  for  determining  size.  A  rea.sonably  good  fit  for  a  bolt  and  its 
nut  is  a  long  Avay  off  from  the  lit  of  these  standards  and  yet  answer  a 
very  gjxxl  purpose.  It  is  quite  certain  that  interchangeable  work  in 
the  line  of  bolts  and  nuts  have  been  (originated  by  manufacturers  wideh' 
se})arated  from  one  another.  What  we  are  anxious  to  see  in  relation 
to  the  new  standard  is  good  instruments  for  determining  the  accuracy 
<  >f  the  taps  in  the  market  in  the  hands  of  the  users  of  the  tools,  so  that 
they  can  themselves  judge  of  the  correctness  of  the  Avork  furnished  to 
thi-m. 

The  suggestions  made  by  Mr.  8tet**on  in  his  letter  in  regard  to  the  ase 
i>f  3^2^  and  -^  size  taps  is  very  well  worthy  of  careful  consideration.  These 
odd  sizes  are  used  in  place  of  the  even  inch  quarters  and  eighths  in  order 
to  take  less  stock  off"  of  certain  over  size  irons  in  the  market.  Thus 
some  bolt  makers  tap  one  inch  nuts  with  a  tap  1^  inches  diameter 
and  cut  the  bolts  to  lit  this  even  size.  Now,  not  long  since  Mr. 
A\"hitney,  of  Pratt  (t  Whitney,  also  tap  and  die  makers,  was  told  b^- 
the  manager  of  one  of  the  })rincii)al  railroads  in  Ncav  York  State,  that 
the  sjiving  in  expense  to  that  road  in  bolt-iron  only  would  amoimt  to 
several  thousand  dollars  a  year  if  they  should  be  particular  to  buy  only 
iron  rolled  to  proper  size.  Rolling  mills  can  readily  furnish  the  sizes 
wanted  when  they  know  the  need  of  the  accuracy.  We  quite  agree 
with  Mr.  Stetson  that  these  over  sizes  should  not  be  classed  as 
''  Sfcmdard."  S. 

"  New  Bedford,  Mass.,  February  10th,  1879. 
"  To  the  Committee  on  Publication,  Franklin  Liatitute,  Philadelphia : 

"Gentlemen  : — It  is  now  the  fifteenth  year  since  the  adoption  of  the 
report  of  your  committee  recommending  a  system  of  threads  for  screw 
work.  It  may  be  interesting  to  call  attention  to  the  subject  to  keep  it 
before  the  public,  and  to  know  how  its  adoption  is  j)rogressing.  Its 
value  can  be  somewhat  shown  by  stating  that  a  full  set  of  hand  and  nut 
taps  ranging  from  ^  in.  to  1|^  in.  of  the  common  form  and  number  of 
tlij-eads  requires  246  taps,  while  the  same  sizes  by  the  Franklin  Institute 
standard  require  only  48  taps.    The  loss  between  the  systems  in  time  and 
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ni<»noy  mast  liold  sonicwliat  tlu'  •^anu-  proportion.  The  ad()})tion  of  a 
sy.xtcni  of  threads  that  would  he  iiiterehanii;eahle  recjuires  very  awu rate 
work,  a.s  the  eon.>^triietion  of  eonunoii  eyliiuh'ieal  puiij:e.s  i.s  a  test  of  ji'ood 
workmanship.  The  .surfaces  of  a  1  in.  phiin  jr^mj^t^t  however,are  but  about 
ttne-lialf  as  hirj^e  as  in  a  threadwl  pui<j:e.  A  1  in.  phiin  jr^m^c  fitted  to 
a  1  in.  broad  rin<r  has  three  and  a  fraction  s<piare  inelies  of  bearinj;  sur- 
fait*.  A  1*8  threack'd  gauge  has  nciirly  six  s(piare  inches  bearing  sur- 
face. Tlie  phiin  giiuge  is  readily  ground  after  hardening  ,the  threa<le<I 
gauge,  though  more  liabh'  to  cliange  in  har(K'ning,c-an  oidy  be  re-adju.-^tt'd 
by  a  .system  of  grinding  j>ro(hicing  approximate  re.suhs.  The  contra<- 
tion  of  taj)s  and  dies  in  the  hardening  prcwess  is  the  most  serious  matter 
that  stands  in  the  way  of  intercliangeable  work.  Two  taps  nuuk' at  the 
same  time  and  si/e  will  frecpiently  tit  quite  ditierently  after  tempering. 
Tlie  ciuise  can  be  .shown  by  an  instrument  made  of  sheet  steel,  fitted  to 
an  accurate  thread,  the  points  being  two  inches  apart  and  of  the  proper 
angle.  It  is  u.-^ed  by  placing  the  points  in  the  thread  i)ar.dlel  with  the 
groovis.  Few  taps  will  be  found  perfect  when  subjected  to  this  test, 
which  shows  their  contraction.  This  tool  would  l)e  useful  to  bolt  niakei*s 
as  a  dull,  thin  or  contracted  die  changes  the  lead  of  the  thread  and 
makes  an  element  of  inaccuracy  dithcult  to  contend  with.  Ilardcnctl 
taps  caimor  be  gauged  with  accuracy,  as  their  changes  in  liarck'ning  will 
not  all<»w  them  to  be  returned  to  the  gauge  they  were  cut  t(t.  The  best 
way  is  to  provide  a  .standard  male  gauge  to  inspect  the  work  ta})ped  by 
them.  With  tl)c  above  facts  in  view  it  ciiu  be  seen  how  much  care  the 
adoption  of  a  standard  of  reference  re<[uires.  The  general  government, 
set;onding  the  efforts  of  the  Franklin  Institute,  caused  to  be  made  ton 
sets  of  standard  gauges  to  be  used  in  the  several  navy  yards.  These 
gauges  end)ody  all  the  principles  recommended  in  the  report  of  youi- 
•■oinmitte,  the  female  gauge  being  the  ])roper  thickness  and  form  of" 
tlic  imt  recommended.  The  male  having  the  size  at  the  root  of  threa<l 
shown  by  a  |)rqjection  of  a  portion  of  the  |)oiut,  turned  to  the  j)ro])er 
diMMieter  beyond  the  thread.  The  govermnent  work  has  lu'cn  made  in 
ronibi-niity  to  these  gauges  for  several  vears  since  their  acceptance.  At 
the  time  the  sy.stem  was  established,  the  manufacture  of  ta])s  and  dio 
(for  the  market)  was  in  an  un<leveloi)e(l  state;  the  manufacturers  being 
unable  to  produce  work  to  meet  the  recpiircments  of  the  .system.  At 
the  |)urchase  of  the  tools  and  machinery  of  the  New  York  Tap  and  Die 
( '(tmpany  by  the  Morse  Twi.st  Drill  and  Machine  Company,  in  1874,  an 
effort  was  made  to  furnish  the  ])ublic  with  tools, enabling  its  general  adoj)- 
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tion.  Their  experience  in  constructing  gauges  of  the  common  tliread* 
had  shown  them  that  the  construction  of  a .  set  of  gauges  to  measure- 
ments, that  would  interchange  with  otliers  constructed  to  a  common 
standard,  would  be  very  difficult,  if  not  practically  impossible.  Learn- 
ing of  the  sets  owned  by  the  government,  they  procured  a  full  set,, 
their  duplicates,  which  being  tested  at  the  Naw  Yards  at  Charlestown 
and  Brooklyn,  proved  to  interchange  satisfactorily.  Feeling  that  they 
were  now  able  to  construct  tools  in  conformity  with  the  already  recog- 
nized standards,  they  were  placed  upon  the  market.  The  demand  htis^ 
steadily  increased,  and  several  of  the  largest  railroads  are  constructing 
their  work  on  this  principle  and  demanding  their  contractors  to  conform 
thereto.  The  larger  companies  are  adhering  to  the  standards,  but  there 
is  a  constant  tendency  to  destroy  the  perfection  of  the  system  by  order- 
in  gi^l  and  6^th  sizes.  Also,  frequently  the  number  of  threads  is  change<l 
but  the  shape  ordered  retained.  Such  departures  would  seem  to  be 
unnecessary,  and  destructive  to  the  best  results.  Iron  can  be  procured 
(►f  accurate  sizes  when  demanded.  Engineers  and  manufacturers  should 
be  sufficiently  alive  to  their  own  interests  to  discountenance  any  unneces-^ 
sary  deviation  from  the  standards. 

"  To  make  screw  work  interchangeable  will  require  careful  supervision 
and  accurate  gauges.  If  manufacturers  establish  their  own  standards, 
their  work  will  not  interchange  either  with  one  another  or  the  govern- 
ment standards,  by  which  the  largest  majority  of  the  work  has  thus  far 
been  constructed.  The  cjuises  that  have  delayed  the  adoption  of  the 
system  are  apparent  and  have  been  removed.  Its  adoption  by  the  Na\'\' 
Department,  Master  car  builders  and  several  of  the  larger  constructors, 
its  increased  use  by  the  general  })ublic  give  assurances  that  promise 
well  for  its  r-A\m\  and  general  adoption. 

"George  R.  Stetson." 


Important  Triangulation. — One  of  the  greatest  trigonometric 
works  that  have  ever  been  undertaken  is  the  union  of  the  S])anish  and 
Algerian  Surveys.  The  Spanish  engineers  are  stationed  in  the  Sierra 
Nevada  and  ui)on  Mt.  Tetica ;  the  French  at  Fillaoussen,  near  Nemours, 
and ,  at  Ben  Sabra,  neiir  Oran.  The  latter  are  under  the  orders  of 
Commander  Perier,  of  the  Bureau  of  Longitudes. — Der  Te'chnihr. 

C. 
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STEAM-BOI LER  EXPEIUMENT. 


Hv  Cliic't'  Enjfineor  Isherwood,  U.  S.  Xnvv 


Duriiiir  an  investigation  <»t'  tiic  cft'ert  of  automatic  stoani  rcjxulatin*^ 
flatnjH'rs,  conducted  bv  a  IJoard  consisting  of  the  writer  and  Chief 
Engineers  Zeller  and  Snyder,  of  tlie  United  States  Navy,  it  hecanie 
jiecessarv  to  ascertain  tlie  exact  economic  va|)orization  (»f  water  by 
antlinicite  in  tlie  two  boilers  (»f  the  locomotive  type  furnishing  steam 
for  the  machine-shop  of  the  New  Y()rk  Xavy  Yard  ;  and  the  results 
of  the  trials,  together  with  a  description  of  the  manner  of  making 
them,  and  of  the  boilers,  are  given  in  this  paper. 

The  two  boilers,  which  arc  exact  duplicates  in  all  respects,  are  situ- 
3»ted  side  bv  side  in  the  boiler-lnuise  and  have  a  steuni  connection  in  com- 
mon, so  that  both  are  worked  with  precisely  the  same  ]iressure,  and  they 
<lelivcr  their  gases  of  condtustion  into  the  s;ime  chimney,  which  is  also 
^is^-d  for  other  pnrp«>ses. 

Each  boiler  is  fitte<l  with  a  steam-gauge  and  a  gla.ss  water-gauge, 
jind  had  a  sensitive  metallic  pyrometer  ])ermanently  |)laced  in  its  uptake 
to  denote  the  tem|)emture  of  the  gases  of  cond)ustion  emerging  from 
tlu'  tubes.  In  the  vertical  descending  Hue  of  each  boiler  which  led 
from  its  uptake  to  the  horizontal  Hue  n)nducting  these  ga.ses  to  the 
<himney,  there  wa.s  |>ermaneutly  phu^il  between  the  uptake  and  the 
<lamj)er,  a  U  formcKl  glstss  tube  eontaining  colored  water  and  fitted 
with  a  sliding  scale,  so  that  the  force  of  the  draught  could  be  mcjis- 
iire<l  bv  the  height  of  the  column  of  water  supported  by  the  excess  of 
the  atmosj)heric  pressure  over  the  pressure  in  the  flue. 

All  the  feed-water  su|»plied  t(»  the  boilers  was  first  accurately  mcjus- 
ure<l  in  a  rectangular  tank  of  wo(mI  lined  with  sheet  lead  and  having 
itf*  bottom  carefully  leveled.  The  capacity  of  this  tank  up  to  its  over- 
flow, was  11M*7(){>  cubic  feet;  and  it  w;ts  filled  by  gravity  with  water 
from  the  mains  of  the  city  of  Brooklyn's  water-works.  The  bottom 
of  the  tank  was  on  an  o|>en  platform  at  a  considerable  elevation  above 
the  top  of  the  boilers,  so  that  all  [)art.s  both  of  the  tank  and  its  con- 
ncj'tions  were  in  open  view.  Eroiu  the  tank,  the  feed-water  descended 
by  gravity  into  a  '*  hejiter"  where  its  temperature  was  largely  increjtsed 
(fr«»m  42i  to  175  degree.s  Fahrenheit)  by  the  exhaust  steam  from  the 
non-<(»ndcnsing  engine  of  the   nui<'hine-sho]) ;  and  from  the  'Mieater" 
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it  wa<  pumped  into  the  boilers  l)v  a  small  steam-pump.  Tlie  steaui 
i'nnn  tlie  Ixiilers  was  used  as  fast  as  geuenited  to  work  tiiis  euuiue  and 
to  heat  the  machine-shop.  The  tem})erature  of  the  water  in  the 
"heater"  was  iriveu  by  a  thermometer  permanently  inserted  in  it. 

Maxxki;  of  Makin(;  the  Experiments. 

The  experiments  were  two  in  number  and  made  in  exactly  the  same 
manner ;  they  were,  in  fact,  repetitional,  and  gave  almost  exactly  the 
same  results.  The  duration  of  the  first  was  lOf  c<msecutive  hours, 
and  of  the  last,  made  after  an  interval  of  six  days,  11  consecutive 
hours,  the  aggrcirate  being  21  f  hours,  the  totals  and  means  of  which 
will  be  found  in  the  table  hereinafter  given. 

During  these  experiments,  and  for  some  weeks  [)revious,  the  tubes 
were  not  swept,  but  the  soot  u[)on  them  was  light.  Neither  had  the 
water-side  of  the  heating  surfaces  been  cleaned  for  a  ccaisiderable  time, 
so  that  the  boilei"s,  as  reg-ards  cleanliness,  Avere  in  the  condition  of  ordi- 
nary practice.  They  were  perfectly  tight,  and  well  protected  form 
heat  radiation  by  a  non-conducting  coating. 

The  coal  consumal  was  Pennsylvania  anthracite  of  good  quality, 
I)rokeu  into  pieces  averaging  3  inches  cube.  It  was  accurately  weighed 
in  an  iron  tub  counterljalanced  on  the  scales,  and  filled  each  time  to 
the  same  weight.  The  refuse  from  this  anthracite  was  separated  by 
s<^'reening  into  clinker  and  ash,  ejich  being  weighed  in  the  dry  state  in 
the  same  maimer  its  the  anthracite.  During  the  experiments,  the  fires 
were  not  cleaned  any  further  than  could  be  done  by  revolving  the 
Ashcroft  grate-bars,  which  shook  out  some  of  the  fine  ash,  but  most 
of  the  ash  and  all  of  the  cliidvcr  remained  in  the  furnace  until  the  end 
of  the  experiment.  The  furnace-door's  were  kept  closed  except  when 
ojjened  for  throwing  in  the  c<)al.  The  fires  were  maintained  aV)out  10 
inches  thick. 

During  the  night  jjreceding  e^'h  experiment,  a  banked  fire  was  kept 
in  the  boilers  according  to  custom,  and  in  the  morning  of  the  experi- 
ment it  was  thoroughly  cleaned  of  ash  and  clinker,  and  spread  over 
the  grate-bars  to  the  thickness  of  3  inches.  On  this,  the  fresh  coal 
wa'i  fired — the  height  of  the  water  in  the  glass  gauge  having  been 
previously  adjusted — and  the  ste^un  [)ressure  and  the  time  being  noted, 
the  'experiment  was  held  to  commence.  At  its  end,  the  fires  were 
burnt  out  as  completely  as  jiossible  and  then  hauled,  the  steam  pressure 
and  water   level   having  been  made  the  same  as  at  the  eonunencement. 
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Whatever  uncoiisuraed  coiil  wiis  found  in  the  hauled  fires,  wius  picked 
(*nt,  wciirhed,  and  dcductetl.  The  (juantity  of  coal  consumed  by  this 
i)i»'th<Kl,  iiichidcd,  ot"  coui'se,  the  3  inches  dt-ptli  on  tiic  gratc-haivs  at 
the  conuncnccincnt  ot"  the  experiment. 

I>iiriii<r  each  cxpcrimont  a  tabular  record  or  lo<r  \v;\s  kept,  in  the 
columns  of  which  were  entereil  everv  Hftei'ii  ininut<'s,  the  heio;lit  of  the 
harometer,  the  j)res.sure  of  the  steam  in  the  boilers,  the  heijjht  of  the 
water-c(»lumn  in  each  <>f  the  U  shajn-d  glass  tubes  measurino;  tlie  force 
of  the  chiiiiney-draught,  and  the  tcmpenitures  of  the  external  air,  of 
the  air  in  the  boiler-room,  of  the  fecnl-watcr  in  the  tank,  of  the  feed- 
water  in  the  "  hejiter,"  antl  of  the  gases  of  combustion  in  each  uptiike. 
The  exact  time  at  which  each  tankful  of  water  was  emptied  was  noted, 
and  the  depth  of  wat<'r  drawn  from  the  hist  tank. 

The  following  is  a  description  of  «»ne  of  the  duplicate  boilers  on 
which  the  e.\|)ci"imeiits  just  described,  were  made. 

H(Hij;i;. 

The  boiler  is  of  the  locomotive  type  with  fire-tubes  extending  hori- 
/ontallv  in  direct  continuation  of  the  furnace. 

The  front  porti(m  of  the  shell  is  rectiingular  in  plan,  4  feet  4  inches 
in  wiilth,  8  feet  9^  inches  in  length,  and  ()  feet  G  inches  in  height:  its 
top  is  semi-i'vlindrical.  This  jxtrtion  of  the  shell  is  placed  over  an 
inde|>endent  ash-|)an  of  cast-iron  6  inches  below  it.  The  back  portion 
of  the  shell,  including  the  uptake,  is  <rylindrical,  4  feet  4  incht^  in 
diainet<'r,  and  1.')  feet  ilA  inches  in  length,  making  the  extreme  length 
I  if  the  entire  shell  22  feet  7  inches.  The  upju'r  half  of  the  back  por- 
tion is  a  horizontal  extension  of  the  semi-cylindrical  top  of  the  front 
portion.  On  the  back  portion  of  the  shell  is  a  cylindrical  stcanwlrum, 
:J0  inches  in  diameter  and  2!)  inches  in  height  above  the  top  of  the 
shell ;  it  has  a  flat  top  to  which  the  stcani-pipe  is  bolted,  and  its  axis  is 
10  feet  fnun  the  boiler  front.  The  entire  shell  and  st<>am-drum  are 
of  I  inch  thick  plate  iron. 

The  boiler  ha.s  one  furnace,  8  feet  long  and  :\  feet  «)  inches  wide  in 
the  clear:  its  sides  are  verticsil,  and  its  top,  which  is  flat,  is  connect<Hl 
to  them  bv  (juadrantal  arcs  of  0  inches  radius.  The  front  of  the  fur- 
nace is  .separated  from  the  shell  by  flat  wat<'r-spaces  of  4,f  inches  width, 
including  thicknesses  of  metal ;  and  the  sides  of  the  furnace  arc  sepa- 
rated from  the  shell  by  similar  spaces,  or  water-legs,  of  5  inches  width, 
including   thiekne.s.ses  of  metid.     The   lower   part  of  the   back  of  the 
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furnace  is  separated  from  the  shell  bv  a  Hat  water-space  of  -if  inches 
width,  includincr  thicknesses  of  metal ;  and  the  upper  ])art  of  the  back 
•of  the  furnace  forms  the  forwanl  tul>e-plate. 

The  furnace-ilonr  is  aceording  to  Ashcroft's  ]>atent ;  it  is  suspended 
from  ail  axle  at  its  u[>per  e<liro  and  is  counterbalanced  on  the  oj)posite 
.side,  the  ends  of  the  axle  l)ein<j'  siinnort<'<l  l»v  i^ill(i\v-l>lnfl.i  in  nr/iin/^.t_ 


V.nd  View. 


of  4 J  inches ;  all  have  an  extreme  length  of  12  feet  6  inches  from  outside 
t<^  outside  of  tube-plates  which  are  f  inch  thick.  The  tubes  are  of  |  inch 
thick  iron,  and  aresecure<l  by  toeing  expanded  on  the  inner  side  of  their 
plates  and  riveted  over  the  outer  side.     They  are  arranged  vertically, 
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furnace  is  sepamtecl  from  the  shell  bv  a  flat  water-space  of  4f  inches 
width,  including  thicknesse,'^  of  metal ;  and  the  upper  part  of  the  back 
<i»f  the  furnace  forms  the  forward  tube-plate. 

The  furnace-<loor  is  according  to  Ashcroft's  patent ;  it  is  suspended 
from  an  axle  at  its  upper  edge  and  is  counterbalanced  on  the  opposite 
side,  the  ends  of  the  axle  being  supported  by  pillow-blocks  in  project- 
ing brackets  from  the  door-frame.  The  door  is  thus  made  to  open 
vertieally  instead  of  horizontally,  as  usual,  and  by  means  of  the  coun- 
terbalance to  remain  in  any  ])osition  in  which  it  may  be  left.  The 
opening  for  the  door  is  rectangular,  18  inches  wide  and  16  inches 
high.  The  door  is  j>erforated  with  thirty-seven  holes  of  -^  inch  diam- 
eter for  the  admission  of  air  above  the  incandescent  fuel ;  and  during- 
the  experiment  was  kept  closed  except  when  coal  was  thrown  into  the 
furnace. 

The  grate-bars  are,  also,  according  to  .Vshcroft's  jwitent,  but  are  without 
the  inclined  dead-})late  at  the  front  which  the  patentee  directs  to  be 
used  in  connection  with  them.  The  bars  are  nineteen  in  number,  of 
wrought  iron  IJ  inches  square,  and  they  i)rotrude  three  inches  beyond 
the  boiler  front,  coming  out  Avitli  their  upper  surface  six  inches  below 
the  bottom  of  the  door.  The  upper  surface  of  the  bai*s  is  four  feet 
below  the  furnace-crown  of  the  front,  and  four  feet  two  and  one-eighth 
inches  below  it  at  the  bridge- wall.  The  air-spaces  between  the  bars 
are  (>'675  in.  wide.  The  object  of  i)rotruding  the  bars,  as  well  as  of 
making  them  square  in  cross  section,  is  that  they  may  be  revolved  on 
their  axes  by  a  socket  wrench  applied  successively  to  their  free  ends,  so 
as  to  clean  the  fire  of  ash  without  opening  the  furnace  door.  The  bearers 
are  crenated  in  semicircular  grooves  in  order  that  the  bars  may  not  be 
dislodged  in  turning.  The  grate  surface  is  5  feet  8  inches  in  length, 
and  3  feet  (i  inches  in  breadth,  declining  2|  inches  from  front  to  back. 

The  bridge-wall  is  of  brick  masonry,  15  inches  high  above  the  top 
of  the  grate-bars,  level  on  its  toj),  and  2  feet  four  inches  in  thickness 
lengtliwise  the  boiler. 

From  the  furnace  to  the  uptake  ])roeeed  in  direct  prolongation  of  the 
furnace,  thirty-two  horizontal  fire-tubes,  ten  of  which  have  an  inside 
diame<^'  of  .3|  inches,  and  the  remaining  twenty-two  an  inside  diameter 
of  4^  inches ;  all  have  an  extreme  length  of  12  feet  6  inches  from  outside 
to  outside  of  tube-plates  which  are  f  inch  thick.  The  tubes  are  of  |  inch 
tliick  iron,  and  are  secured  by  being  expandetl  on  the  inner  side  of  their 
plates  and  riveted  over  the  outer  side.     They  are  arranged  vertically. 
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in  six  rows:  the  iii)|)t'r  row  contains  four  tubes  of  4^  inches  and  two 
of  ."il  indies  inside  diameter,  the  tliree  succeeding  rows  contain,  eacli,  six 
tubes  of  4|  indies  inside  diameter ;  the  next  row  contains  six  tubes  of  3f 
inches  inside  diameter;  and  the  h)wcst,  or  hist  row,  contains  two  tubes 
of  3|  inches  inside  diameter. 

The  uptake  into  wliich  the  tubes  dd)ouche,  occupies  the  hist  20| 
iuclies  (»f  the  length  of  the  slid),  and  its  extremity  is  fitted  witli  a  (hH»r 
hinged  at  its  uj)per  edge  to  give  access  to  the  back  ends  of  the  tubes 
for  sweeping  and  rcj)air.  From  tlie  l)ottom  of  the  uptake  a  vertical 
flue,  rectangidar  in  cross  section  and  measuring  14  by  ."{4  inches  in  the 
dear,  descends  several  feet  to  a  horizontal  Hue  which  leads  to  the 
chimney.  The  damper  is  ])lace(l  in  this  vertical  rectangular  fine  at  1<5 
inches  below  the  boiler-shell. 

The  entire  shell,  including  the  stejuu-ilrum,  is  covered  with  a  2  inches 
thick  coating  of  asbestos  cement,  as  a  non-conductor  of  heat. 

The  following  are  the  principal  dimensions  and  proportions  of  the 
iKtilcr,  namely : 

Kxtreme  length  of  shell,  .  .  .  .22  ft.  7  in. 

Kxtreme  breadth  of  shell,    ....  4  ft.  4  in. 

Kxtrcmc  height   of  shell  from  bottom  (»f  ash  pit,  exclu- 
ding steam  drum,  .  .  .  .  .  7  ft. 
Kxtremc  height  of  shell  from  bottom   of  ash-pit,  indu- 

<ling  steani-<lrum,  .  .  .  .         i>  ft.  5  in. 

Diameter  of  steam-drum,     ....  2  ft.  6  in. 

Jvcngth  of  grate-surface,  ....  o  ft.  8  in. 

l^readth  of  grate-surface,     ....  ;J  i\.  6  in. 

A rcji  of  grate-surface,    .....       19|^  sq.  ft. 
Number  of  tubes,    .....  ;}2. 

Outside  diameter  of  tubes.  Ten  of  4  in.  and  t\vcntv-tw(»  of  4?,  in. 

Inside  diameter  of  tubes,      .     Ten  of  3\'  in.  and  twenty-two  of  4|  in. 
L«'ngth  nf  tubes  in  dear  of"  tube-plates,         .  .  12  ft.  o]  in. 

Heating  surface  in  the  furnace  .  .  .      1M)-1S2  s(|.  ft. 

Heating  surface  in   the  tubes,  calculated  for  their  inner 

circumference,        .....   42()-4()4  scp  ft. 
Heating  surface  in  the  uj)take,        .  .  .  <S-;io4  sq.  ft. 

Total  heating  surface  in  the  boiler,        .  .  ,  o.'J4'()00  sq.  ft. 

Aggregate  cross  area  of  the  tubes,  .  .  2'9348  s.  ft. 

(Voss  area  of  the  vertical  descending  Hue,  .  .        3*3050  s.  ft. 
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Sciiiare  feet  of  heating  surface  jier  square  foot  of  grate 

surface,      ......    2()'9244 

8(|uare  feet  of  grate  surface  per  square  foot  of  cross  area 

of  tubes,    ......      0-7591 

iSquare  feet  of  grate-surface  per  sipiare  foot  of  cross  area 

of  vertical  descending  flue,  .  .  .       ()•()()( )0 

Extreme  heiffht  of  steam-room,  exclusive  of  steam  drum,       1  ft.  2  in. 

Area  of  water  level,  .         ^    .  •  •  ^^'  ■'^'l-  ^^• 

Capacity  of  steam-room,  including  steam-drum,  .     79  cu.  ft. 

•Capacity  of  water  room  to  4  inches  above  croMii  of  fur- 
nace, ......  1<)0  cu.  ft. 

Distance  traveled  by  the  gases  of  combustion  from  tlic  cen- 
tre of  the  furnace  to  the  centre  of  the  u])takc,  .     17  ft.  4  in. 

Height  of  the  chimney  above  the  level  of  the  grate-bars,    83  feet. 

AVith  the  boiler  above  described,  and  with  the  exi)eriments  made  in 
the  manner  hereinbefore  detailed,  there  were  obtained  the  data  and 
results  given  in  the  following  table : 

When  one  jxnind  of  the  combustible,  or  gasifiable,  portion  of  anthra- 
<-ite  is  burned  to  the  complete  oxidation  of  its  constituents,  the  heat 
•<levelo})ed  is  sufficient  to  vaporize  under  the  })ressure  of  29*92  inches  of 
mercury,  15'4258  pounds  of  Avater  having  the  temperature  of  212^ 
Fahrenheit.  According  to  the  above  table,  the  vaporization  realized 
under  these  conditions  with  the  navy-yard  boilers,  Avas  1{)"()471  ])ounds 
•*»f  water  per  })oun<l  of  the  gasifiable  portion  of  the  anthracite,  ecpiiva- 

1     f^           1         .•        ,.  /1O-0471  X  100       \  p^.Too  ,  f 

lent  to  an  al)sor|)tion  or    | =1  bo  l-ri  per  centum   oi 

'  V  15-4258  /  ^ 

the  total  heat,  leaving  34'808  ])er  centum  lost  by  the  heat  in  the  gases  of 
«-ombustion  entering  the  chimney,  by  imperfect  combustion,  and  by  exter- 
nal radiation.  The  latter  was  very  small  and  may  be  neglected.  The 
loss  by  irai)erfect  combustion  with  anthracite  when  burned  in  a  boiler- 
i'urnace  with  copious  air  sni)})ly,  amounts  to  about  yoir  ^^  ^^^^  carl)on 
and  -^  of  the  hydrogen  constituent,  which  reduces  the  heat  developed 
i>y  such  combustion  of  one  pound  of  the  ga.sifiable])ortion  of  anthracite 
t*>  the  (juantity  sufficient  for  the  vaporization  of  onlv  15-1541  pounds 
'>f  water  under  the  given  conditions,  making  the  vaj)orization  realized  by 

1                    111            •     1     ..          1         .-        ,./10-0471  X  100      \ 
ilie  navv-vaixl  boilerscciuivalent  to  an  absorption  ot  ( =  I 

*  ^  V      15-1541  / 

't)6'30  per  centum  of  the  total  iieat,  leaving  33-70  ])cr  centum  contained 
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in  the  gases  of  combustion  entering  the   cliininoy.      riio  gases  of  coni- 

l)Ustion  escaped  fn  »ni  tlie  boiler  with  the  temperature  of  533'5  degrees 

Fahrenheit,  and  as  the  t('mj>eratur('  <»f  the  air  in   the  boih'r  room  was 

71*0  (K'grei's  Fahrenheit,  tlicsc  gases  (-arried  oti'(5-)o'5  —  71  Mj  =)  4»jl'l> 

degrees  Falirenheit  of  temiierature,  representing  .*>'>"70  ju'r  centum  of 

the  total  heat  generate<l  by  the  combustion;  the  initial   tcmju-rature  of 

.1                   •     .1     r                      .   .1       *•        1         I          /4Gl-i)Xl(M)     , 
tliese  gases  ni  tlie  furnaces  nuist,  therefore,  liavc  been  | + 

^  V      :j;V70 

710  =    j  1442*2  degrees  Fahrcidu'it.     The  temperature  of  the  complete 

combustion  of  c4U'bon  and  hydrogen  with  air  of  the  quantity  chemically 
required,  is  about  oOOO  degrees    Fahrenheit ;    hence,   approximately, 

(- =1  2*5  times  that  fiuantitv  of  air  passed  throuiih  the  furnaces 
1442-2       /  1.1 

of  the  exi)erimental  boilei-s. 

In  well-j)roportioned  l)oilers  consuming  anthracite,  the  air  supply- 
does  not  exceed  at  the  maxinuun  twice  that  which  is  chemically  ntHX>s- 
sary ;  the  two  and  a-half  times  that  ([uantity  found  above  for  tlu^  exper- 
imental boilers,  was  due  to  their  too  large  «ilorimeter  (1'00()()  square 
foot  of  cross  area  of  tubes  to  (3-7-)}>l  square  feet  of  grate -surface) 
taken  in  cond)inatiou  with  the  fact  that  the  tubes  were  not  returned  over, 
l>ut  lay  in  direct  continuation  of,  the  furnaces.  The  large  cal<>rimeter 
and  e;isy  I'xit  of  the  gases  of  cond)ustion  prevented  the  pressure  in  the 
furnaces  from  being  maintainal  sufficiently  high  to  reduce  the  air  supply 
to  not  over  twice  what  wjis  chemictdly  necessary.  In  boilers  of  the 
experimental  type,  the  caloriiueter  or  opening  through  the  tub«>^  for 
draught,  should  not  cxcetnl  one-ninth  of  the  gratti-surface.  Had  these 
boilers  been  so  ])ro|>ortioned,  their  e(ronomic  vaj)orization  would  have 
been  not  less  than  ten  per  c<'ntum  greater. 
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Ilarst,  in  I'trecht,  has  di.scovere<l  in  llic  common  garden  bean,  when  it 
Ingins  to  sprout,  a  ferment  analagous  to  pepsin,  which  can  be  extnK'te<l 
l)y  means  of  glycxirine.  It  has  the  power  of  changing  albuminoas  into 
]»eptonic  substances,  and  starch  into  glucose.  Ft  is  found  exclusively 
in  the  cotyled(tns.  In  the  case  of  flesh-eating  plants,  all  the  st(;jKS  ol" 
digestion  seem  t<»  take  place  in  the  same  manner  as  in  animals. —  Fortseh  ^ 
<li'r  Z<'if.  C. 
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TAm.K    COMA  INI  N(i    TIIK     DATA    ANIl     UkSIM/I'S   Ol'    AN      I'^X  I'lnilM  KN'I'     MADIO     IN     .IANUAHV,    187!),    I!V    A    IJdAlil)    OK 

iNrnon  Stai'ics  ><'a\ai.  KN(iiMoi;i{s  on  tiiio  two  ISoii.iohs  ok  riii':  Ijoco.motivi-:  tyiM':  in  tiik 

M AciiiND-siioi'  OK  Till-:  N i:\v  YoKK  Navy  Yaki>,  to  nioi'ioiijiiNio  tjikir  ixonomic 

Vaporization  of  Watior  ry  Anthracitk. 


TOTAL 
(irAXTITIES. 


TEMPER- 
ATURES. 


PRESSURES. 


RATE    OF 
COMRUSTroN. 


VAPOI{- 
IZA'J'IOX. 


Duration  of  the  IC.\])criiin'iit,  in  liours  and  niiniiti's, 

I   Total  nuinln'i'  of  culiic  feet  of  fccil-watcr  vuporizoil,  as  incasuriMl  in  tank,    . 

Total  luinilicr  I'f  iiounils  of  fci'il-wati'i- Napori/.cd,        .... 

Total  nuinlicr  of  ]iovin(ls  of  antliraciti' consunicd,  .... 

I   Total  iiuinluT  of  )iomiils  of  i-linkcr  IVoni  the  anthracite, 

I   'I'otal  nmnlH'P  of  pounds  of  ash  from  till' aniliracitt',  .... 

I   Total  niiinhcr  of  iiounds  of  ix'fust'  from  the  anthra<'itc,  in  idinkt'i'  and  asli, 
I   Total  numhcrof  pcuindsof  condiiistihlc,  or  Kasitialilc  matter  in  the  anthrat-ite,  con.suintMl 

Per  centum  of  the  anthracite  in  c-liiikcr,        ..... 

I    Per  centum  of  the  anthracite  in  ash,        ...... 

I    Per  centum  of  the  anthracite  in  refuse  of  clinker  and  ash, 

I   Temperature,  in  rtofrrees  Fahrenheit,  of  tlie  external  air, 

Ti'mi)i'rature,  in  deurees  Fahrenheit,  of  the  air  in  the  hoiler-rooin, 
I   Tem]ieraturi',  in  def;rees  Fahrenlu'it,  of  the  feed-water  in  the  tank, 
Ti'miierature,  in  dejjrees  Fahrenheit,  of  the  feed-water  when  eiiterinu  tlu'  hoilers  after \ 
jiassinj;-  through  the  heater,  .  .  .  '  •  ■        > 

Tem|)erature,  in  decrees  Fahrenheit,  of  the  gases  of  comhustion  in  the  ujitakes  of  the  |^ 
hoilers,       .........        I 

f  Heijrht  of  the  harometer,  in  inches  of  niercur.v,  corrected  for  temperature, 
Steam  |)ressure  in  the  hoilers,  in  iiounds  jier  sipiare  incli  al)ove  tlie  atmosphere, 

•    Steam  i)ressure  in  the  hoilers,  in  poumis  |)er  s<iuare  inc-h  ahove  zero,    . 

Pressure  of  the  n'iiscs  of  comhustion  in   the  chimney  helow  the  atmospheric  pressure,! 

I  in  inches  of  water,  cori-e<-ted  for  temperature,  .  .  .  •        I 

I   Pounds  of  antliracite  consumc<l  pel' hour,     ...••• 
Pounds  of  comliustihle  consumed  pir  hour,  .  .  •  • 

I    I'ounds  of  anthracite  consumed  per  hour  per  s(|uare  foot  of  Lirate  surface, 
Pountls  of  comliustihle  consumed  |ier  hour  [icr  square  foot  of  urate  surface. 
Pounds  of  anthracite  consumed  iier  hour  jier  scjuare  foot  of  heatinu'  surface,      . 

1   I'ounds  of  condiustihle  consumed  jjcr  liour  per  square  foot  of  heatinj;-  surface, 

I   Total  nuniher  of  jiounds  of  feed-water  that  would  liave  been  vaporized,  had  its  temper-  j 
I  ature  wlieii  enteriufi'  the  hoilers  been  1(10  decrees  Fahrenheit,  and  had  the  pressure  v 

I  upon  it  hcen  c,|ual  to  that  of  a  mercurial  column  liil-ltl' inches  hiuh,       .  .        I 

]   Total  numher  of  iiounds  of  feed-water  that  would  have  lieen  vaporized,  had  its  temper-  j 
ature  when  entering  the  hoilers  been  •^\'2  decrees  Falirenheit,  and  had  the  pressure  ,- 
I  upon  it  been  eijual  to  that  of  a  mercurial  column  a)-i)2  inches  liiKh,       .  •        ) 

■;   I    Pounds  of  water  vajiorized  from  100  decrees  Fahrenheit  by  one  pound  of  anthracite      . 
5   I    I'ounds  of  water  vaporized  from  HID  deurees  Fahrenheit  by  one  pound  ot  combustible, 
I       Pounds  of  water  vaporized  from  212  defii'ces  Fahrenheit  by  one  pound  ot  anthra<'ite      . 
^  I.  Pounds  ot  water  vaporized  from  212  degrees  Fahrenheit  by  one  pound  ot  c<iinbustilile. 


21 '4.-, 

Sfi.")-!  1(1(10 
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TESTS  OF  A  BALDWIN  LOCOMOTIN'E. 


By  John  ^^^  Hiix,  M.  E., 

Member  American  Society  of  Civil  Engineei-s. 


Engine  Xo.  36,  of  tlie  Cincinnati,  Huniiltou  ct  Dayton  Railroad,  is 
a  Baldwin  four-driver  locomotive  with  16  in.  by  24  in.  cylindei's,  and 
61  in.  diameter  of  drivers  on  the  tread.  The  total  weight  of  engine 
with  two  gauges  of  water,  as  weighed  for  trial,  was  72,220  pounds,  of 
which  44,800  pounds  was  carried  by  the  drivers.  The  weight  of  tank, 
void  of  water  and  coal,  as  weighed  for  trial,  was  23,480  pounds,  and 
with  coal  and  water,  at  Cincinnati  (commencement  of  run),  47,398*36 
pounds. 

At  Hamilton  (first  sto[))  the  tank  weighed  32,075*04  pounds,  show- 
ing an  expenditure,  during  the  run,  of  15,323*32  pounds,  coal  and 
water;  of  this  13,508*36  pounds  was  water,  and  1814*96  pounds  coal. 

Upon  leaving  Hamilton,  the  weight  of  tank,  coal  and  water  was 
45,583*40  pounds,  and  at  Twin  Creek  (second  stop)  35,150*08  pounds, 
showing  an  expenditure,  during  the  run,  of  coal  and  water,  10,433*32 
pounds;  of  which  8618*36  pounds  was  water  and  1814*9()  pounds 
coal. 

Ui>on  leaving  Twin  Creek,  the  gross  weight  of  tank  was  42,880*08 
pounds,  and  at  Dayton  (third  stop)  was  31,755*38  pounds,  showing  an 
expenditure  of  coal  and  water  of  11,124*7  pounds,  of  which  9650  jwunds 
wa.s  water  and  1474*7  pounds  Mas  coal. 

The  average  dead  load  of  engine  and  tender  from  Cincinnati  to  Ham- 

■u                -ooon         47,398*36^32,075*04  mo-/—  i 

ilton  w{\s    / 2,220  -r  — =    lll,9o6*/    ixtunds  ; 

'  '  9  '  1  ' 

from  Hamilton  to  Twin  Creek  the  average  dead  load  of  engine  and 

4     1             -oooA       45,583*4  -    35,150*08  no-u/. -i  i 

tender  wa.s  /  2,220  -    — ! ' 1 =  112,o.S6*/4    ))ounds, 

and  from  Twin  Creek  to  Dayt(m  the  average  dead  load  of  engine  and 

.      1             -,ooA        4*2,880*08-31,755*38         .„<.  ko--.  i 

tender  was  < 2,220        — ^ ^ =  109,53r(.>  iiounds. 

The  distance  from  Cincimiati  to  Hamilt<Mi,  as  run,  was  24*7  milc<, 
from  Hamilton  to  Twin   Creek  15*87  miles,  and   from   Twin  Creek  to 
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Dayton  ]  TMiJt  niilts,  and  tlic  averatje  dead  load  of  enifino,  tender,  (>(X\1 
and  water  tor  whole  run  was  111,413"3.'}  pounds. 

The  resistiuu'e  was  obtained  bv  a  train  of  thirtv-tive  loadetl  box 
freight  eait*  and  eaboose  weigliinu  1,454,47(1  pounds,  inaking  aver- 
age gross  load  from  Cineinnati  to  Dayton  1,5()5,583'33  p(»unds  or 
782-942  tons  of  2000  ])ounds. 

The  engine  is  used  in  hauling  expri-ss  freight,  and  occasionally  in 
hauling  cxpicss  passenger  trains  Ix'twecn  Cincinnati  and  Davton,  and 
had  been  out  of  the  shoj)  twenty-two  months.  At  time  of  test  the 
engine  had  a  I'ecord  of  55,471  miles,  and  excepting  the  caulking  of  a 
seam  in  the  waist  of  the  l)oi]er,  and  the  setting  up  of  the  brasses  in  the 
rods,  was  run  without  any  attempt  to  improve  its  eondition.  Of  c(»urse 
it  would  not  be  held  that  the  engine  was  tested  undei-  as  favorable  eir- 
eumstanees  as  though  it  were  just  from  the  shop  or  had  rmi  but  a  month 
or  so  on  light  traffic.  The  test,  however,  was  not  to  ascertain  what 
hn-omotive  engines  and  boilers  do  undei-  favoi-al)le  conditions,  but  what 
they  (If)  under  avci'age  condition.-. 

The  C'ompany  owns  engines  of  nearh  everv  |)opular  make,  but  a.s 
the  "  Baldwin  "  is  ju'obably  the  re|>resentative  American  locomotive, 
and  is  well-known  in  every  part  of  the  world  where  railroads  prevail, 
one  of  these  was  selecte<l  for  the  exjx'riments  as  being  caj)able  (»f  mon^ 
completely  reflecting  American  locomotive  jmictice. 

It  is  to  be  regretted  that  so  little  test  data  exist  upon  the  perform- 
ance of  American  locomotive  boilers  and  engines.  Tiie  Knglish  and 
French  engineers  liave  given  no  inconsiderable  attention  to  the  economy 
of  locomotive  engines,  whilst  in  this  countrv  the  tests  are  few,  an/l 
«i  far  as  the  writer  is  awaiv  no  tests,  exce|)tiiig  those  herein  detailed, 
have  been  made  c<t\»'ring  tlic  c(»nnectcd  pei'formancc  of  boiler  and 
engines. 

In  the  |>resent  instanci'  much  of  the  apparatus  for  the  experinienf- 
was  hastily  iiM|)ro\ised,  and  being  limited  to  a  given  time  in  making 
thr'  run  from  ('incinnati  t<jJ)aytou,  no  o]>|)ortunitv  was  ofli'red  for 
a  preliminary  test  by  way  of  proving  the  con-ectuess  of  the  arrange- 
ments ;  with  the  exception,  Ixtwever,  of  the  breaking  of  the  speed 
counter  after  fifteen  miles  had  been  run,  and  the  failure  of  the  observer 
having  charge  of  the  calorimeter  to  note  certain  necessary  data,  the 
«xperiments  were  entii'cly  satisfactory.  The  objects  of  the  test  were  to 
a-certain 
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First.  The  ecoiK»mv  of  performance  of  tlie  boiU-r. 

Second,  The  evaporation  capacity  of  boiler. 

Third.  Relation  of  heating  surface  to  j)o\ver  developed  by  coniieft«-<l 
engines. 

Fourth.  Relation  of  grate  to  coal  burned. 

Fifth.  The  economy  of  performance  of  the  engines  independently 
considered. 

Sixth.  Relation  of  power  developetl  to  load. 

Seventh.  Power  expended  in  moving  engine  alone  at  given  speed. 

The  coal  burned  during  the  rmi  was  Pittsburgh  Xo.  2,  broken  and 
*icreened ;  of  this  6960  j)Ounds  was  stored  in  the  forAvard  part  of  the 
tank,  the  hold  having  been  divided  transversely,  forward  (jf  the  centre, 
by  a  partition. 

Upon  both  sides  of  the  tank,  at  midlength,  ghuss  g-auges  were  con- 
nected t<j  furnish  the  water  levels ;  the  gauges  \\ere  set  centrally  ius 
regards  the  length  of  tank  to  furnish  correct  inean  readings  on  grades, 
and  two  gauges  were  used  to  C(jmpensate  for  the  elevation  of  one  side 
of  the  tank  in  pas.sing  curves.  Tlie  zero  points  of  the  scales  attache<l 
to  the  g-auges  were  ma<le  to  coincide  when  tank  was  on  a  carefully 
leveled  portion  of  the  track  in  the  Cincinnati  yard ;  and  the  mean  of 
the  readings  of  the  two  gauges  was  held  to  represent  the  level  of  water  on 
vertical  axis  of  tank.  Previous  to  the  commencement  and  at  the  end 
of  each  run,  sufficient  time  wjls  allowed  to  permit  the  water  to  lx?come 
entirely  quiescent,  when  the  levels  were  read  and  enteretl  in  the  log. 
It  w;t<  the  intention  to  note  the  rate  of  consumption  of  water  at  intervals 
<luring  the  runs,  but  the  violent  and  rapid  oscillations  of  the  water  in 
the  glass  tubes  rendered  this  next  to  im])ossil^le,  and  the  reiulings  that 
were  taken  are  abainhiiuMl. 

The  temperature  of  the  feed  water  in  the  tank  was  read  every  two 
minutes  during  the  rims.  After  the  tt^ts  were  completed  the  tank  wits 
iilleil  to  highest  g*auge-point  noted  in  the  water  log,  weighed  and  the 
water  drawn  down  to  the  next  g*aiige  jioint,  re-weighed  and  so  on  until 
the  least  level  of  water  noted  in  tlie  log  was  reachetl ;  the  temperature 
i»eing  notetl,  the  weights  thus  obtained  as  (piantities  due  ditterences  of 
level  in  the  tank  were  corrected  to  correspond  with  mean  observtnl 
temj)eratures  of  water  during  the  runs.  Xo  steam  was  blown  into  the 
feed  pijies  to  heat  the  water  during  the  tests. 

The  engines  were  precisely  of  the  same  dimensions  except  in  tin* 
piston  rods;  that  of  the  left  engine  having  been  i-enewed  |)revious  to 
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tlic  tests,  and  iiu  rcascd  •()()25  in,  in  (liainctcr.  Tlic  diameters  ofcyl- 
iiidei-s  and  strokes  of  pistons,  areas  of  steam  and  exhaust  passa^res,  travels 
and  laps  of  valves,  valve  functions  as  measnred  on  the  guides,  and, 
<»f  course,  the  revolutions  of  both  engines  were  the  stime  ;  and,  without 
data  to  the  eontrarv,  one  would  sui)pose  that  the  load  was  ecpially 
dividcnl  between  the  two  engines.  To  determine  whether  the  engines 
did  ('(piai  j»ortions  of  the  work,  each  was  separately  indicated.  One 
indicator  was  attached  to  each  cylinder  ;  this  was  set  forward  of  the  mid- 
length  and  vertically  over  the  steam  chest;  l)oth  ends  of  cylinder  were 
pijKHl  to  the  indicator;  the  ])ij)es  from  forward  end  and  from  the 
after  end  were  of  same  dimensions  of  bore  and  length.  An  open-way 
stop-<'ock  with  lever  handle  wits  set  in  etich  I)ranch  of  the  indicator 
pipes  to  cut  off  the  opj)osite  end  of  cylindei-  when  taking  the  diagram, 
and  to  shut  off  both  ends  when  indic^itor  wits  out  of  use.  The  pij)es 
were  ne<^essarily  of  short  lengths,  and  were  carefully  rounded  at  the  ends 
and  filed  for  whole  length  to  offer  as  little  resistance  as  possible  to  the 
flow  of  stcjun. 

The  indirator  springs  were  made  for  the  experiments  l)y  the  IJuck- 
eye  Engine  C'ompany,  of  Salem,  Ohio,  and  were  vervawurate  as  devel- 
oped by  dirwt  loa<l  test  and  precisely  alike  in  their  action.  The  dia- 
grams wei'c  taken  on  the  left  engine  by  the  writer,  and  on  the  right 
engine  by  an  experienced  a.ssistai1t,  and  weretak<'n  simultaneously  tii-st 
from  forward,  then  from  back  end  of  <"vlinder,  from  signals  given  on 
the  engine's  whistle.  Fhe  diagrams  were  taken  every  two  minutes 
during  the  run,  except  at  timc^  when  engine  was  on  down  grade  and 
steam  shut  off.  Excepting  certain  diagrams,  to  which  attenti(ni  isdinn-ted^ 
all  were  taken  with  throttle  wide  (►pen  and  speed  of  engines  controlled 
by  the  links  and  reversing  lever.  In  addition  to  the  operators  at 
the  indicators,  two  assistants  nxle  on  the  pilot  of  the  locomotive  and 
noted  on  the  diagrams  the  consecutive  munl)^^  and  engines  (right  and 
left)  from  which  they  were  taken. 

l^'roiii  Cincinnati  to  Hamilton  water  tank,  a  distance  of  24"G95  miles,, 
the  run  was  made  in  one  h«mr  and  twenty-six  mimites,  diu'lng  which 
time  were  taken  fortv  diagrams  from  each  end  of  each  cylinder,  or 
rightv  cards  fVoin  each  engine.  h^'oni  Hamilton  to  Twin  ('reek,  a  dis- 
tance of  lo*.S()!(  miles,  the  run  was  made  in  forty-two  minutes,  dm-ing 
which  time  were  taken  twenty  diagrams  f"r<im  each  end  of  each  cylinder 
or  forty  cards  from  each  engine.  From  Twin  ("reek  to  J)ayton,  a  dis- 
tance of  1()*2()7  miles,  the  run  was  made  in  42"-")  minutes,  during  which 
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time  were  taken  twenty-oue  diagrams  from  each  end  of  eacli  eyliuder 
or  forty-two  cards  from  each  engine;  making  three  hundred  and 
twenty-four  diagrams  in  a  total  run  of  fifty-seven  miles,  or  an  average 
of  nearly  six  diagrams  (both  engines)  ])er  mile  run. 

The  track  in  plane  is  composed  of  a  succession  of  curves  and  tangents. 
From  Cincinnati  to  Dayton  the  road  wa.«^  divided  into  ninety-six 
stations,  each  stiition  indicating  the  southern  end  of  the  curve,  simple 
or  compoiuid,  or  tangent  as  the  case  might  be.  From  profiles  of  the 
road-bed  and  the  civil  engineer's  notes,  a  chart  was  prei)ared  showing-^ 
the  succession  of  the  stations,  grades  and  levels,  distances  from  station 
to  station  measured  in  the  centre  of  track,  angular  deflection  of  curves, 
degrees  comprised  in  the  arcs,  and  ratio  of  a.scendiug  or  descending^ 
grades.  An  observer  sat  at  the  right  cab  window  and  noted  the  time,, 
to  secx^nd,  of  pttssing  each  station. 

A  calorimeter  consisting  of  a  coil  of  bra.<s  drawn  tul)e  and  a  tin  tank,, 
the  whole  arrange<l  as  a  small  surface-condenser,  was  used  to  obtain  the 
data  from  which  to  estimate  the  quality  of  steam  produced;  the  upixT 
end  of  coil,  which  wa.s  set  vertically  in  the  tank,  was  connectetl  by  a 
small  pipe  with  the  after  steam-dome,  and  an  open  way  cock,  with  an 
orifice  '0469  in.  diameter,  controlletl  the  flow  of  steam  to  the  coil;  the- 
lower  end  of  the  coil  was  carried  through  the  side  of  the  tank  and 
turned  down  into  a  receiving  tank,  where  the  water  of  condensation  wa.s. 
collected.  The  condensing  water  wa.s  carried  in  a  saddle-tank,  set  on 
the  lx)iler  between  the  forward  dome  and  sand  box,  a  rubl>er  ho.se  c^^n- 
veying  the  water  into  the  condenser.  The  injection  entereil  at  the 
bottom  of  the  condenser  and  pa.ssal  out  at  the  top,  a  ruliber  hose  carrie<i 
out  on  the  running  board  delivering  the  hot  condensing  water  clear  of" 
the  track.  Three  tenn)eratures  ^vere  read — the  injection,  overflow  and 
condensation  from  the  worm  ;  and  two  quantities  were  notcnl — the 
expeiLse  of  condensing  water  in  the  saddle-tank  and  weight  of  conden- 
sation from  the  worm. 

Although  the  arrangements  for  taking  the  calorimeter  observatioas- 
were  very  complete,  the  record  at  this  j)oint  is  useless  ;  the  a.ssistant 
having  entirely  overlooked  the  ob.servatious  of  condensing  water 
exj>ended.* 

*The  writer  would  .suggest  that  wliilst  it  is  an  ea.sy  matter  in  directing  experiments^ 
on  stationary,  marine  or  pumping  engine.^,  to  vi.eit  and  confer  with  tlie  assistants  and 
verify  or  correct  their  records  during  tlie  tests,  this  is  impossihie  in  making  a  running. 
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The  boiler  j)r(ssurts  were  taken  from  ;v  steam-gjuige  made  for  the 
«xperiinents,  and  l)v  luercurv  column,  prdotically  accurate;  a  sjXHid- 
<'ounter,  talvin*r  motion  from  the  swiiifri'iiT  Jirni  attached  to  the  chk-;- 
heiul  of  the  left  en<::ine  to  (h'ive  tlie  indicator,  wa."^  sccnrcnl  on  the  after 
^\u\  of  cah. 

The  writer  wa.<  extremely  anxious  to  ol)tain  a  correct  record  of  tjie 
revolutions  of  drivel's;  to  arrive  at  the  imperce])til)le  slip,  the  exact 
riMiiMUj::  <listances  were  carefully  measured  by  the  civil  engineer  of  the 
road  sul)se(pient  to  the  tesb^,  a-s  also  the  running  times  during  the  tests, 
and  with  a  correct  reconl  of  the  revolutions,  the  im2)ercej)tible  slij)  of 
«lriver  for  whole  runs  and  increments  of  runs  could  have  been  obt;nne<l 
with  great  ])reci.sion.  The  counter  record,  however,  covers  oidy  the  lii*st 
sixteen  miles  of  the  run  from  Cincinnati  to  Hamilt<tn.  The  time  was 
taken  from  a  lever  clock  in  the  cab  of  the  engine,  and  the  signals  were 
given  regularlv  everv  two  minutes  on  the  whistle.  Fifteen  seconds 
]»revioiis  to  each  reading,  two  short  blows  were  given  to  notify  the 
•observers  of  an  aj)j)roacliing  observation,  and  upon  c<»mpleti<»n  of  each 
t\\()-iiiiiiiire  inti'rval  a  single  shai'p  blow  produced  a  simultaneous  action 
of  the  assistants. 

It  has  been  intimatetl  that  test  data  on  the  performance  of  Amer- 
ican locomotive  engines  are  s(-arce.  The  ma.ster  mechanics  of  the 
vari(>us  railroads  a.s.scnd)le  in  convention  once  each  year,  and  discuss  a 
list  of  topics  ])ertinent  to  locomotive  |»ractice  from  an  experimental 
^tand|»oint,  and,  singular  as  it  mav  seem,  two  ma.ster  mechanics  in  dif- 
ferent parts  of  the  conntrv,  will  test  the  same  iui|>rovements  under  th<' 
sune  conditions,  and  obtain  diametrically  opp<»site  results,  one  lauding 
the  improvement  jus  a  magnificent  success,  and  his  o|)ponent  condemn- 
ing it  as  a  iniserabh'  failure.  (  T/V/r  ".\nnual  l\e|»oi-ts  of  the  Master 
Mechanics'  Associati<»n.") 

(  )f  course  .such  experiments  as  tlie>c  ai"e  worthless,  an<l  the  ."^ooner 
locomotive  builders  and  railwav  companies  leai'ii  to  test  by  systematic 
nicthods  the  machinery  i)uilt  by  the  one  and  used  by  the  other,  the 
"-ooner  will  lotromotive  practice  a|)preciate  that  of  the  marine,  ])nm|)- 
ing  and  automatic  cut-off  engines. 

\\'hene\-er  railway  companies  are  taught  to  buy  locomotives  :is 
numicipal   corjiorations  buy  pum})ing  engines,  and   steamship  com|)a- 


tcst  of  a  loc'oniotivt',  cacli  oltserver  ln'injj  practically  glued  to  his  .station,  :in(i  unit-ss 
I'ully  cognizant  of  and  familiar  with  lii.s  duties,  is  very  liable  to  error  in  making  up 
Ills  notes. 
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nies  buy  marine  inachincry,  then  and  not  earlier  will  the  ee«»noniic  and 
capacity'  value  of  the  locomotive  engine  advance. 

The  writer  must  not  be  understood  as  denying  excellence  in  the 
American  locomotive ;  upon  the  contrary,  that  excellence  is  fairly 
proven  by  these  experiments;  but  while  these  experiments  are  con- 
vincing as  to  the  merits  of  the  "  J^aldwin"  engine,  they  do  not  shoM- 
the  precise  position  of  the  engine  in  the  scale  of  merit.  The  Bald- 
win is  generally  recognize<l  as  the  representative  American  locomotive; 
and  certainly,  if  enterprise  and  liberality  is  a  gauge  of  merit,  then  the 
Baldwin  Company  is  entitled  to  the  palm ;  but,  independent  of  an^' 
general  impressions  that  may  prevail  in  behalf  of  the  Baldwin,  the 
Rogers,  or  the  Gmnt  locomotive,-  it  is  to  the  interests  of  the  builders  of 
tliese  engines  to  place  their  machinery  l^fore  railway  companies,  not 
u[)<>n  the  opinion  of  any  or  all  master  mechanics,  but  upon  a  founda- 
tion of  facts,  and  these  facts  to  be  obtained  by  methods  that  lejive  no 
room  to  doubt  the  pronounced  vidue  of  the  machine. 

There  was  a  period  in  the  history  of  American  railways  when  the 
economic  and  capacit}'  value  of  a  locomotive  was  of  very  little  moment. 
If  one  engine  was  incapable  of  hauling  a  load  between  given  points  in 
a  given  time,  the  load  was  divided,  and  two  engines  and  two  sets  of  men 
were  employed  to  do  the  work.  If  the  expense  of  fuel  to  overcome  a 
given  resistance  in  a  giveii  time  was  twice  what  it  should  have  been, 
no  interest  was  felt  in  reducing  it,  as  fuel  was  cheap  and  dividends 
large.  This,  however,  is  not  tiie  condition  of  American  railwavs  at 
present ;  few  companies  can  [)rofitably  neglect  the  cost  of  operating 
their  Ifwomotives,  and  whilst  (so  far  as  the  writer  is  aware)  no  intelli- 
gent effort  has  been  made  by  ajiy  railway  com})any  to  materially 
advance  the  economic  and  ("ai)acity  standard  of  their  engines,  the  desire 
to  do  so  is  manifested  ([uite  the  same. 

Unfortunately  railway  managers  are  rarely  ([ualitied  to  examine  and 
criticise  the  precise  pei*formance  of  locomotives,  and  are  compelled  to 
rely  entirely  upon  their  master  mechanics  to  fill  the  ])Osition  of  an 
expert  as  well  as  a  superintendent  of  machinery.  From  an  extensive 
ae(piaintance  among  the  steam  engineers  of  this  country,  the  writer  has 
yet  to  discover  the  superintendent  and  expert  successfully  embodied  in 
the  same  person;  and  experience  has  shown  that  he  who  is  emineiitlv 
successful  as  a  superintendent  of  men  is  very  uidikely  to  develop 
extraordinary  talent  as  an  expert. 

Without  adverting  further  to  the  "eternal  fitness  of  things,"  in  the 
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operation  and  <k'velo"|)mont  of  tlic  American  locomotive  engine,  the 
writer  would  .sugge.>^t  that  the  test  of  a  Baldwin  engine  ha.s  for  it^; 
<»l)it'<-t  the  ereation  of  a  deeper  intere.st  upon  tJie  part  of  loeoinotive 
huilden^  and  railway  eompanie.s  iu  this  eminently  useful  maehiuc. 

In  the  following  tables  are  given  the  dimensions  of  boiler  and 
engines,  from  data  furnishetl  by  Mr.  James  Eekford,  master  mcchanie 
of  the  road.  The  clearanee  was  determined  by  setting  the  engine  on 
the  (vntre  and  waxing  the  })i.ston  to  prevent  tnmsfer  of  water  from 
<karan<c  t<»  opposite  end  of  cylinder.  The  eylinder  head  was  then 
replaced  and  the  void  filled  with  water  to  level  of  valve  seat.  The 
\vat<'r  was  then  drawn  off  l)y  the  drain-c(K-k,  weighed  and  temj)emture 
noted.  The  volume  of  clearance  thus  obtained  was  slightly  in  extvKs 
<A'  that  measured  on  the  drawings  Irom  which  the  engine  was  built, 
l)Ut  this  is  easily  accounteil  for  by  a  discre})ancy  between  the  drawings 
:ind  |>atterns.  The  throttle  was  of  the  i)oppet  double  beat  type,  the 
up|>er  anmUar  area  alone  being  elieetive.  The  driving  wheels  were 
origiiinlly  OO"  diameter,  but  by  "  retiring"  were  increa.se<l  to  61". 

The  weight  on  the  drivers  wa.s  obtained  by  backing  the  engine,  dis- 
<-onnectiHl  from  the  tank,  on  the  scale  and  noting  the  load.  The  engine 
was  then  run  on  the  .«'ale  and  gro.ss  weight  taken. 

DlMKNSIO"NS'   OF   BoiLKR. 

Kire-lM»x,  length  inside,  .  .  .  ins.     O.'J'CK) 

height,      "         .  .  .  "      60-50 

width,       "  .  .  .  "      34-5() 

Barrel,  length,  .  •  .  "     128-5() 

"      diameter,        .  .  .  .  ''      48-00 

Smoke-box,  length,  ...  "      ;33-50 

TuIkjs,  length,  .  .     ■  .  .  "    13-2-00 

''     diameter  (outside),  .  .  "        2-00 

"     nund)er,  ....  138. 

Heating  stu-face  in  tire-box,  .  .  sup.  ft.       93-85 

tubes,  .  .  .         "        794-82 

front  tube  sheet,  .  "  10-00 

"  iiggregate,   .  .  .         "        898-67 

< 'ross  section  of  tubes  (calorimeter),  .  sup.  in.  346*36 

"  <himney,  .  .  .  "         254-47 

Area  fire-grate,  .  .  .  sup.  ft.       15-()9 

Ratio  of  heating  to  grate  surface,  .  .  59-647 
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Ratid  of  grate  surface  to  calorimeter,  .  (j'27 

"          calorimeter  to  chimney,  .  .  1*36 

iSteam  domes,  iiimiber,      ...  2. 

"  (liam.  (iiLside),    .  .  .  ins.  23*50 

height,        ...  "    28-00 

Supply  (lume,  center  of  barrel, 
Rear         ''  "       fire-box, 

DiMEN.sio>.s  OF  Enginh^;. 

Number  of  cylindei*s, 

Diam.  '*  ... 

Stroke  of  pistons,         .... 
Diam.  of  piston  rod  (right), 

(left). 
Effective  mean  area  of  piston  (right), 

(left). 
Clearance  in  parts  of  strokfe,  >i"i  i' 
Increase  in  stroke  due  cleamnce. 
Area  ctf  openings  through  throttle, 
stejim  pipe  (15"  X  1'25"), 
"     ports  (15"  X  2-50"),    . 
i:  exhaust  "       . 

'*  '*       nozzles. 

Travel  of  slide  valves  in  full  gear, 
.Steam  lap  on  slide  valves,    . 

Exhaust  lap  "  ... 

Diam.  of  drivers  (four), 

Driving  wheel  base,     .  .  .  • 

Total,         "         "  . 

Weight  on  drivers, 

"       of  engine  (total)  with  two  gJiuges  of  water. 

In  the  following  tables  of  boiler  and  engine  performance,  the  runs 
from  Cincinnati  to  Hamilton,  from  Hamilton  to  Twin  Creek  and  from 
Twin  Creek  to  Dayton  are  separately  considered. 

As  the  boiler  is  the  source  of  the  power,  or  more  correctly  speaking, 
the  fuel  burne<l  in  the  furnace  is  the  source  of  the  power,  and  the 
boiler  the  meaas  of  adapting  the  calorific  effect  of  the  fuel  to  useful 
work,  the  first  inquiry  will  be  into  the  jjerformance  of  the  boiler. 


2. 

ins. 

16-0000 

a 

24-0000 

u 

2-7.500 

u 

2-8125 

n 

198-0900 

u 

197-9100 

•0760 

<l 

1-8240 

u 

1 2-6646 

u 

17-2000 

a 

18-7000 

(( 

37-4000 

i( 

5-9400 

ti 

5-3125 

(( 

-8750 

a 

•0625 

a 

61-0000 

i't 

,  8-0(X)0 

a 

22^0000 

pd> 

^  44,840 

« 

72,220 
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'riio  run  iVoiii  C'iuciiniati  to  Hamilton  (H-cupiod  oiu'  hour  and  twenty- 
six  minutes,  without  stoj),(lurintr  which  time  there  was  pumped  intotlie 
lioiler  l."3,o08".">(j  p«»unds  (»f  water  as  ajjcainst  lS14-i)()  pounds  of  eoaL 
Bv  the  English  nietluKl  of  e.stiniatin<j;;  hoiler  effieienoy,  it  is  jissumed 
that  the  water  fed  to  the  hoiler  represents  the  total  evaj)oration,  hut 
from  numerous  ex[X'riments  hv  the  writer  and  otheix  on  hoiler  perform- 
ance, the  fact  luLs  heen  established  that,  except  superheating  surface  be 
provided,  no  boiler  furnishes  saturated  steam.  So  far  ius  the  writer  is 
aware,  locomotive  boilers  are  not  provided  with  sui)erhe;iting  surface, 
and  it  is  })roper  to  assume  that  a  certain  j)ercentage  of  the  total  water 
pum])ed  int(»  the  boiler  went  into  the  dry  ]»ipeas  iiipiid.  'Plu'  arrange- 
ments for  taking  the  data  upon  which  the  primage  W(»uld  be  estimated 
were  very  com[>lete,  but  the  negligence  of  the  :issistant  charged  with  the 
work  of  observation  defeated  this- part  of  the  test.  The  relatively  large 
heating  surface  to  water  carrie<l,  excellent  circulation,  and  high  temper- 
ature of  waste  gases  are  all  ejdculated  to  retluce  the  primage  to  a  min- 
imum; the  primage  is  taken  at  fire  per  cent,  for  eacli  run;  hence  satur- 
ate<l  stejim  furnished  during  first  run  w;is  12,8.32*94  pounds, and  steam 
per  jMMUid  of  coal  7"()7()()  pounds,  or  estimated  from  and  at  212°  Fahr. 
S:U)  j>ounds.  Estimating  the  coal  blown  unconsumed  out  of  thechim- 
iiev  bv  the  blast,  at  five  per  cent,  and  efficiency  of  coal  a.s  ninety  per 
cent,  an   e<pial  weight  of  carlxtn,  then  evaporation  fntm   and    at  212° 

Fahreidieit    was    '_!:*_      =  l>-77  pounds. 
-.So.") 

Mr.  1).  K.  Clark,  in  his  "Manual  for  Mechanical  Engineers"*  fur- 
nishes a  table  of  the  perfornuuice  of  sixty-one  locomotive  boilers,  fifteen 
of  which  exhibit  an  evajxtration  in  excess  of  ten  jmunds  per  pound  of 
coke,  estimated  from  and  at  212°  Fahr.  The  maimer  in  which  the 
boilers  were  tested,  pressure  (tf  eva|)oration,  speed,  load,  grades  and 
eflicieiicv  of  coke  are  either  unknown  or  carefully  omitted.  All  these 
elements  have  a  decided  l»(':iring  on  the  evaporation  |»erfonnaiice  of  a 
l<M-(»Miotive  i)oiler,  and  it  would  l>e  manifestly  unfair  to  compare  the 
performance  of  the  "  Baldwin  "  i»oiler  with  that  (»f  any  other  make 
indess  both  were  worked  under  similar  or  known  conditions.  It  is  not 
known  that  anv  special  dinerences  in  design  and  construction  exists 
JM'tween  the  standanl  h»comotive  boilers  of  America  and  England,  and 
with  ecpial  efficiency  of  fuel  and   like  conditionis  of  performance,  the 

*  I'p.  799-KOO. 
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evaporation  for  bc>ik'r.s  of  .similar  ilimen.<ion.s  .should  be  a})proximately 
the  same  whetlier  tested  in  this  country  or  the  other.  The  "Baldwin" 
boiler  was  not  te.sted  to  obtain  maximum  results,  but  to  c»btain  results 
under  ordinary  conditions  of  performance,  and  in  the  writer's  (»pinion, 
the  economy,  as  shown  during  the  run  from  Cincinnati  to  Hamilton,  is 
excellent. 

The  capacity  <if"  the  l)()iler,  during  this  vnu,  in  steam  per  hour,  from 
and  at  212°  Fahr.,  was  ]0,5)S6  pounds  of  steam  per  hour  or  nearly 
ff'ii  pounds  actual  cvajioratiou  per  square  foot  of  heating  surface.  It  is 
(•u.<t()mary  to  estimate  tiie  capacity  of  a  tubular  boiler  with  natural 
draft,  at  fifteen  s(piare  feet  of  hetitiug  surface  per  hor.<e-})ower  of  eUcct 
of  connected  slide-valve  engine,  l)ut  in  this  run  o*243  square  feet  of 
heating  surface  were  required  per  horse-power  of  comiected  engine. 
The  slide-valves  of  the  engines  were  worked  by  links,  but  the  cut-oif 
was  in  round  numbei"s  half  stroke,  and  the  diiference  between  the 
capacity  Avith  natural  draft  and  as  developed  during  the  run,  is  due  to 
the  eifect  of  blast.  The  engines  developed  unusual  economy,  as  will  be 
shown,  and  assuming  the  expense  of  steam  per  horse-power  per  hour 
'<iX  forty-five  pounds,  then  the  heating  surface  per  hoi'se-power  of  con- 
nected engines  becomes  ^"o»/'  and  onc-lialf  iiC[v\i\W'  feet,  and  the  rate  of 
effect  of  boiler  with  l)la.st  to  effect  of  boiler  Avith  Jiatural  draft  is 


15  X  32-3 
:3-243  X  45 


^  :>.•:>.•> 


AVith  natural  draft,  the  expense  of  coal  per  hour  ])er  square  foot  of 
grate  would  have  been  about  twenty-five  pounds,  and  during  the  ruii 
the  rate  of  consumption  of  coal  referred  to  area  of  grate  was  eighty-four 
pounds  ;  hence  ratio  of  effect  with  blast  to  effect  with  natural  draft 
becomes 

?i  =  3-3G. 
25 

The  rim  from  Hamilton  to  Twin  Creek  occupied  forti/-tivo  minutes, 
during  which  time  8618*36  p«)unds  of  water  were  pumped  into  the 
l)oiler  and  1814*96  pounds  of  coal  were  fired  on  the  grate.  Estimating 
jirimage,  as  before,  at  five  per  cent.,  the  saturated  steam  furnished  during 
this  run  was  8187*44  ]iounds.  The  evaporation  per  pound  of  coal  was 
4*5  pounds,  or  fr(»m  and  at  212°  Fahr.,  5*->4  pounds;  but  the  ca])ac- 
it}'  of  the  boiler  from  and  at  212°  Fahr.   was  at  the  rate  of  nearly 
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14,(lO()  pounds  of  .-steaDi  jkt  hour,  or  13  j)Ounds  of  stoiun  per  square 
foot  of  licatin^r  surface  per  hour.  During;  tliis  run  the  expense 
of  !?teaiu  per  liour  per  hoi^se-power  of  conneeted  engines  (based  on  total 
saturated  steam  furnislie<l)  Mas  '-uVA  jxmnds,  and  lieating  surface  j)er 

huiM-  power  deveh)i)e<l  — —   =  2*o7  sciuan;  feet. 

Kstiniating,  as  before,  witli  natural  <.lraft,^y/<'(7i  square  feet  of  heat- 
ing surface  per  horse-power  of  effect  of  coimeete<l  engine,  imd  forty-Jive 
pounds  a.s  the  expense  of  steam  per  hour  j)cr  horse-j)ower  develo}>ed  by 
engines,  then  the  ratio  of  effwt  of  blast  to  effect  of  natural  dnvft  is 

15  X  3:3-4  _  ^,.^.^,, 

2-57  X  45 

and,  as  l>efore,  estimating  consumption  of  coal  per  s<(uare  foot  of  grate 

jter  hour   with  natural  draft   at  twenty-five  pounds,  then  the  ratio  of 

cttc.ct  of  blast  to  effect   of  natural  draft  is  with  a  consumption   of  172 

jiouiids  of  coal  per  square  foot  of  grate  per  hour  as  during  the  run  : 

172        -         , 
=  /  nearly. 

In  the  run  from  Cincinnati  to  Hamilton  it  has  been  shown  that  the 

ratios  of  effect  of  bla.st  to  effect  of  natural   draft;  by  heating  surface 

per   lu»rse-])ower  of  connected  engines,  and   by  coal   burned  per  s(j.  ft. 

of  grate   per   hour,  were   a}>])roximately  the   siune;    whilst  in  the  run 

from  Hamilton  to  Twin  Creek  the  ratio  by  coal  burned  is  nearly  sixt^- 

five   ]ier  cent,  in   execs'^  of  ratio   by  hejiting  surface.     Neglecting  the 

loss  of  heat  bv  extra  radiation-  during  the  run,  which  was  very  small, 

and   assuming   the   consum)>tion  of  fuel    per  sq.  ft.  of  grate   to  var>' 

directlv  as   the   blast,  and   the   blast   to  vary  directly  as  the  weight  of 

steam  exhausted  per  second,  then  the  consumption  of  coal  per  s<|.  ft.  of 

grate  per  h(»ur  for   second    run    becomes  12()*75  })ds.  and  the  r.itio  of 

effect  of  Idast    to   etfeet  of  natural    draught  as   measurtnl    i»y  the  cojii 

binmed  is 

110-86 


25 


=  4-434 


The  ecouomv  of  performance  of  the  boiler,  or  the  evaj)oration  per 
pound  of  coal  charged  to  the  fin-nac<',  was  very  low  during  the  run; 
but  the  economy  is  based  on  the  total  coal  charged,  with  no  allowanw 
for  that  blown  unconsumctl  out  of  the  chimney. 
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Acoordin<r  to  Mr.  Loiiijridge,*  "the  rate  of  coinbiistioii  has  no  influ- 
<»nce  on  the  economic  effect,"  and  tin's  is  probably  trne,  if  the  evapora- 
tion is  referred  to  the  coal  actnally  bnrned  to  carljonic  acid ;  but 
:issnming  in  the  run  from  Hamilton  to  T^in  Creek  a  combustion 
eijuivalent  to  that  of  run  from  Cincinnati  to  Hamilton,  then  the  evap- 
<.»ration  from  and  at  212°  Fahr.  becomes  7*0  pds.  per  ]>ound  of  coal 
:is  compared  with  8*36  pds.  for  previous  run. 

The  run  from  Twin  C^reek  to  Dayton  fH'cu])ied  fiftn  minutes,  during- 
wliich  time  the  water  j)umpcd  into  the  boiler  was  9G5<)  })ds.  and  coal 
firo<l  1474*7  pds.  Estimating  ]>rimage,  as  before,  at  jive  per  cent.,  the 
Kitunited  steam  furnished  was  91(i7*5  l)ds.,  or  an  actual  evaj^oration  of 
t)'216  ])ds.  j)er  pound  of  coal.  Equivalent  evaporation  from  and  at 
212°  Fahr.,  7"3  pds.  The  coal  burned  per  sq.  ft.  of  grate  per  hour 
was  117*27  pds.,  and  capacity  of  boiler  in  steam  per  liour  from  and  at 
212°  Fahr.,  12918  pds.,  or  actual  evaporation  per  scj.  ft.  of  heating 
5iurface  per  hour,  12"24. 

The  expense  of  steam  per  hour  per  horse-})ower  of  connected  engines 
during  the  run  was  33  pounds  (based  on  total  steam  furnished)  and 
heating  surface  per  horse-power  of  effect  of  engines, 

J}1       =2-(>14 
12-24 

Estimating  with  natural  draft  fifteen  scj.  ft.  of  heating  surface  per 
horse-power  of  effect  of  connected  engine,  and  forty-five  pounds  of 
water  per  hour  per  horse-power,  then  the   ratio  of  effect  of  blast  to 

effect  of  natural  draft  is       ^^^^^      =  4-08 

2-614X45 

Estimating  the  coal  burned  per  sq.  ft.  of  grate  Avith  natural  draft  at 
25  pds.,  then  ratio  of  effect  with  blast  to  effect  with  natural  draft,  with 
a  coneumption  of  117  pounds  of  coal  per  s^i.  ft.  of  grate  ])er  hour 

11!  =  4-68 
25 

Uix)n  tlie  assumption  that  the  coal  burned  per  sq.  ft.  of  grate  should 
l>e  directly  as  the  effect  of  bla.st  the  ratio  of  effect  by  blast  to  effect  by 
natural  draft  during  run  from  Twin  Creek  to  Hamiton  was 
101-02 


25 


=  4-041 
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IlerUing  .surface  per  Iwrse-jjoiver  and  ratio  of  efect  of  blast. 

Heating  sui-face     Ratio  of  efl'oet  Ratio  of  K'ftWt 

jitT  ir.  P.        of  lilast  t«)  natural  of  Mast  to  naturaf 

Rin>.                                 sq.  tt.                 draft  Ity  coal  draft  l\v  lient- 

'"'■"■''                     l)urne(l.  ing  surliu^e 

Cindiniati  to  PIaniilton;^'""l'3'243  :{-3(>  :\-:V2 

Hamilton  t< .  Twin  C'roe^,       2'57  4-4;U  4-:y.V2 

Twin  (Vtek  to  Dayton,  2-B14  4-041  4-(>S 

Assuming- a  coinbustion  during  the  run  tVom  Twin  ('iwk  t(»  Dayton 
(•<liiivalcnt  to  tliat  from  Cincinnati  to  Hamilton,  the  ovajxiration  jmt 
ponnd  of  coal  from  and  at  212°  Falir.  dnrino-  former  run  is 

101  •02  ' 

And   the  evaporation  for  e(|iiivalent  eoml>nsti(»n  for  the  sevei'al  rniis 
becomes 

Cincinnati  to  Hamilton,        .  .  .     S'3()     jxls. 

Hamilton  to  Twin  Creek,  .  7"<)0       *' 

Twin  Creek  to  Dayton,        .  .  .     8"47(i     " 

Upon  examination  of  the  1^9]lJ,q)ving,^gibl^  of  boiler  performance,  it 
will  be  observed  that  the  rate  of  consumption  of  coal  per  lioin-  diu-ini>; 
the  second  rim  ^va;^  172  pds.  p^r  st[.  ft.  of  ^rate.  Of  the  fifty-two 
locomotive  boilers,  the  performivnce  of  which  are  reported  by  Mr.  I). 
K.  Clark,  the  hio-heat  rate  of  combustion  is  157  pds.  of  coke  per  stj. 
ft.  of  orate.  Of  the  172  ])ds.  of  coal  charged  ])er  foot  of  grate,  not 
less  than  twrnti/ per  ce)tt.  \nn>^t  have  been  blown  iinconsmned  ont  of 
the  stack,  ^^•r  the  conditions  of  load,  speed,  j)ressm'e  of  evaporation, 
steam  per  indicatinl  horse-j)ower,  grades,  (piality  of  coal  and  ett'ect  of 
i»l;u^t  wer(!  ([nite  the  same  for  the  second  and  third  rims,  and  the  theo- 
retical evaporatitm  during  the  third  rim  w;us  sii})erior  to  the  fii*st  rnn: 
There  were  n<)  material  ditfcrences  between  the  data  for  the  second  and 
third  rnns,  an<l  the  evaporation  should  have  been  approximately  the 
sime.  r>Mt  the  cvaiutration  during  the  second  run  was  nearly  twenty- 
xeven  j)er  cent,  below  that  of  the  third  run,  and  this  excessive  discrep- 
ancy can  only  be  accoimteil  for  by  assuming  that  a  large  })roportion  of 
the  coal  charged  on  the  grate  left  the  furnaci;  imconsumed.  The  faci- 
lity with  which  a  locomotive  bttilcr  operating  imder  a  strong  blast  can 
distribute  unburiU  coal  along  the  track  is  well  known,  but  it  is  doubt- 
lid  if  tile   percentage  of  coal    thus  disposed  of  is  e<pially  well  known. 
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I'nder  the  urdiuarv  i-oiiditions  of  locoinotivo  perforuiaiK'e,  with  careful 
firing  and  regular  blast,  the  loss  of  coal  bv  tliis  avenue  is,  in  the 
writer's  opinion,  rarely  less  than  five  per  cent. 

Taking  the  run  from  Cincinnati  to  Dayton  as  a  whole,  the  average 
^evaporation  per  square  foot  of  heating  surface  was  11 '740  pounds  per 
hour.  .Iccording  to 'Mr.  Harvey  "  the  evaporation  per  unit  of  recipient 
•surface  decreases  in  geometrical  progression,  whilst  tlie  distances  from 
tlie  commencement  of  the  series  of  such  surfaces  increases  in  arithmet- 
ic;d  progression,"  but  this*  law  of  evaporation  only  holds  good  "  at 
p<»ints  where  the  radiation  of  heat  from  the  fuel  ceases  and  comnnini- 
•cjition  of  heat  by  conductioi)  begins,"  in  other  words  the  law  only 
a]»plies  to  evaporation  By  tKe  tiibe  surfaces  alone,  and  has  no  bearing 
upon  the  evaporation  by  fire-l^ox  surface.  From  the  exj)eriments  of 
M.  Petiet  on  one  of  the  locomotives  of  the  Northern  Railway  of  France, 
where  the  fire-box  surface  was  60' 28  square  feet  and  the  tube  surface 
7o2'15  square  feet,  the  fire-box  surface  furnished  nearly  sixty  per  cent. 
<»f  the  total  evaporation.  The  manner,  however,  in  which  M.  Petiet's 
experiments  were  made,  precluded  the  possibility  of  good  circulation, 
}?ueh  as  obtains  in  a  locomotive  boiler  under  ordinary  working  condi- 
tions, and  the  results  cannot  be  used  as  a  basis  of  estimate  for  the  evap- 
'i>ration  by  fire-box  and  the  tube  surface,  when  the  circulation  is  good. 
It  is  assumed,  howe^'er,  that  of  the  total  evaporation  as  in  M.  Petiet's  expe- 
riments, sixty  })er  cent,  was  due  the  fire-box  siu*face,  and  that  the  evap- 
<.>ration  in  two  boilers  would  vary  distinctly  as  the  relative  surface  in 
the  fire-boxes.     The  ratio  of  fire-box  to  total  heating  surface  in  the 

Irencn  expenments  was   —  =   ()/o.J,  and  tor  this  trial 


810-4;]  898-67 

=  -J 044  and i_  =  -832,  and  the  evaporation  ])er square  foot 

•0753  111 

....  ..      1  10,550  X  -832        ,...  r,..  , 

<»i  lire  box  surface  becomes  — l =  93-53  pounds. 

93-85  ^ 

Upon  this  estimate,  each  sup.  foot  of  fire-box  surface  furnished 
nearly  one  hundred  pounds  evaporation  per  hour.  It  should  be  borne 
in  mind  that  the  feed  is  usually  introduced  cold  into  tlie  forward  end 
<»f  a  loct»motive  boiler,  and  that  the  tube  surface  is  given  to  the  first 
heating  of  the  water,  and  it  is  probable  that  by  the  time  the  water,  by 
circulation,  reiiches  the  fire-box  it  has  been  furnished  Avith  nearly,  if 
not  quite  all,  the  sensible  heat  due  steam  at  tlie]>ressure  of  evaporation. 
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Ifthi.s  j)r(i])()siti<m  bo  truo,  thru  oiicli  jxtund  ot  steam  madv  by  the  tiiv- 
Im».\  surfaces  coutaiiKHl  8<j<)*21  thermal  units,  and  the  heat  transmitt«»tl 
[KT  sup.  tout  ut"  fire-l)ox  surtiice  was 

stwj-Ji    ■   it;}-");i  =  si,()i(;-(i2 

thermal  unit.-. 

Mr.  r..i»ii<xri(lue,  in  an  elaborate  |)a|)er  read  betbiH'  the  Institution  ol" 
('ivil  Kn<;ineers,  London,  on  the  evaporation  power  of  locomotive 
boilei"s,  quotes  from  experiments  by  M.  I*aul  I  lavre/,  tlie  maximum 
rat<'  of"  transmission  throu<rh  a  su|K'rfieial  foot  of  firi'-box  surface  witli 
coal,  JUS  4(),."j{l(>  units  of  heat  i)er  hour  ;  le.<s  than  fifty  per  cent,  of  the 
rate  of  transmission  i)y  the  "  I>aldwin  "  lire-box  after  crcilitin«j  the  tul>c 
.surfa<v  with  the  elevation  of  the  feed  water  from  the  temperature  at 
which  it  was  introduced  to  that  of  the  eva|)oration. 

This  rate  of  transmission,  however,  is  ba.sed  upcui  an  ;i.ssinnpti(»n  that 
mav  not  be  true,  and  as  a«i;ainst  thv  Jirc-hox  furnishini;-  over  ei«;hty  [mt 
cent,  of  the  total  eva|)oration,  Mr.  Lonoridiic  arrives  at  the  conclusion 
that  the  fnhi'  siirfhci'  furnishes  nearly  eii;hty  j)ci'  cent,  of  the  eva|M>ra- 
tion.  l.'pon  the  otln'r  hand  Af.  I'etiet  finds  from  exju'riment  that  .ti.vft/ 
jtrr  nut.  of  till'  eva|toration  is  due  the  fire-box  ixud  fort  1/  j»rr  cent,  thie 
the  tubo,  and  in  his  ex|>eriments  the  relation  of  the  total  fire-l)<»x  sur- 
face to  tlie  total  heatini;'  surface  was  as  1  to  ];>•.■)  nearly,  whilst  thei-atio 
of  the  lire-i)ox  surface  to  the  total  >urf"ace  with  the  "  HaMwin  "  boiler 
was  as  1  to  !)•<>  nearly.  The  writer  is  of  the  opinion  that  the  relative 
efliciency  of  fire-l)ox  surface  is  directly  as  the  ratio  of  tubes  to  fire-bo.x. 
surfaee,  and  that  the  evaporation,  8.'V.'5  per  cent.,  credited  to  tliefire-hox 
in  tlu'  "  Baldwin  "  Ixtiler  is  too  <;reat.  From  experiments  by  tlie 
( 'ount  I)e  I'andxiur  and  Mr.  10.  Woodson  a  locomotive  boiler  with 
natural  draft,  it  was  found  that  ''the  fire-l)ox  surfaci'  did  twenty  times 
the  dutv  of  the  tube  >urface,  but  bv  varvinii' the  <ouditions  and  increas- 
in<;  the  draft  ai-tilicially  the  ratio  instead  of  bein^  I  to  20  became  1  to 
7.',."  Whether  this  is  a  com|>arison  of  the  work  of  the  fire-box  with 
the  tube  >urface,  taken  as  a  whole,  or  for  e<|ual  areas  of  surface  is  not 
stated  by  Mr.  Wood.-;,  but  from  the  tenor  of  the  <i:entleman's  remarks 
it  is  inferre<l  that  th(>  former  com|>arison  is  made. 

There  are  certain  very  desirable  data  in  connectioii  with  loct»motive 
Itoiler  |)erfoi-uiance  that  were  not  obtained  durinn-  these  trials:  the  tem- 
|>erattn-eof  fireand  tem[)erature  of  wa.><te  ijases  ;  vehx-ity  of  flow  through 
the  flues  ;  of  j)nMluets  of  eondjustion,  air  introduced  j)er  |)ouMd  of  com- 
bustible ;  and  eoMi|to>itioM  of  the  <;a.ses  in  the  stack. 
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Before  clismissing  the  performaiK^e  of  boiler,  the  writer  mouUI  sujj- 
gest  that  trials  of  locomotive  boilers  of  diiferent  kinds  are  now  in  pro- 
jection, during  which  trials  all  data  necessary  to  estimate  the  precise 
action  will  be  taken. 


P^:RFORMA^x•E  of  the  Boiler. 
*  Olncinnati  to  Hamilton. 

July  28th,  1878. 
Duration  of  run, 
Mean  temperature  of  air, 

"  "  feetl-water, 

"  "  evaporation, 

"      pressure  above  atmosphere. 
Water  pumped  into  the  boiler, 

"       primed,  estimated  5  per  cent., 
Net  steam  furnished. 

Coal  burned,      .... 
Steam  actually  furnished  ])er  pound  of  coal. 
Equivalent  evap()ration  from  and  at  212°, 
Evaporation  per  sup.  ft.  of  heating  surface  per  hour, 

actual,         .... 
Evaporation  per  sup.  loot  of  grate  surface  per  hour. 
Coal  burned  per  sup.  foot  of  grate  surface  per  hour. 
Evaporation  from  and  at  212°  per  hour, 

Hamilton  to  Twin  Creek. 
Duration  of  run,        .  .  .  . 

Meiui  temperature  of  air, 

"  "  feed-water, 

"  "  evaporation, 

''      pressure  above  atmosphere. 
Water  pumjx'd  into  boiler, 

"       primed,  estimated  o  ])er  (;ent., 
Net  steam  furnished. 
Coal  burned. 

Steam  actually  furnished  per  pound  of  coal, 
Fypiivalent  eva[)oration  from  and  at  212°, 
Ev'aporation  per  sup.  ft.  of  heating  surface  ])er  hour, 
iwtual,         .... 


1  hr.  20  inin. 

98-.31 

78-o:>,5 

350- 

ds 

120-381 

u 

13508-36 

675-42 

a 

12832-94 

u 

1814-96 

i( 

7-0706 

u 

8-360 

u 

9-96.-5 

a 

593-316 

a 

83-913 

a 

10585-85 

42  min. 

88-45 

77-05 

352-00 

)ds 

.   124-443 

8618-36 

4;io-92 

8187-44 

1814-96 

4-51 1 

5-34  t 

3-01 
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Evaporation  per  sup.  f(»ot  of  irratc  .-iurfaco  per  li«»iir.  "  775'10<) 

Coal  l)iirno<l               '•                        ''                  -  -  171-822 

PvvajHiratioii  tVom  and  at  212^  ixi'  liuur.             .  "  138'">o"92 

7)riii   Creel:  to  Jhit/foit. 

Dnration  of  rmi,         ....  50  niin. 

Mean  teni|)eratnre  (»!"  air,                     .                  .  92*130, 

fml-water,                                 .  8G-826 

"             evaporation,      .                  .  ;M}>'380 

pressnre  al)Ove  atnios])liere,                                  .  pds.  11  {♦•♦{lo 

Water  }>uinpe(l  into  the  boiler,            .                   .  "  i)»)0(>* 

prinietl,  estiniatetl  5  per  ce^t.,         .                  .  "  482"o0 

Net  steam  fnrnislie<l,           .                  .                  .  "  01()7-5O 

('..a!  I)urne(l,               .                  .                  .                  .  "  1474-700 

Steam  aetnally  f'nrni.shcd  per  pound  of  coal,  ''  G-21H 

Kcpiivalent  evaporation  from  and  at  212°,  "  7-3rM) 
Kvaporation  pci-  sup.  ft.  of  heati^^"  surface  per  hour. 

actual.                                    .                                     .  "  12-241 

Evaporation  per  .sup,  foot  of  grate  surfaee  per  hour,  "  729-02O 

Coal  burned                "                      ^'                    "  "  117-272 

Kvajwration  from  and  at  212°  per  hour,  .                  .  "  12Jn,S-;')7 

(To  Ih'  coiiliniie*!.  i 

(I  •♦inj>'.  9((7  fu  'm^  I!  iyyiw, 
THK   BUTLER 'm'INEFIRE  CUT-OFF. 


\\\    IIi:ni;v  S.  1)i;inki:i:,  K.  M.,  i'hiladel|.hiM. 


( Ke.nl  at  tlif  Lake  Gcurge  Meelirtg'bl'  tlie  AitRiican  liisliuitf  of  .Miniii}^  i*;nj;incer«, 
,1(1  In  OcUjljer,  1878.) 

The  IJutler  Mine  property  is  situated  in  the  vicinity  oi"  I'ittston,  in 
tlie  Wyomintr  <-<)al-tield  of  l*einisylvania.  'J'he  coal  has  been  worked 
out  from  the  fourteen-foot  or  iJaltiniore  vein  for  a  mnnber  of  yeiu-s  on 
jiart  of"  the  tract,  tin-  old  chambers  remaiuiuir  open  as  when  orifj^inally 
abandoned.  This  vein  out<'ro|»sou  the  iiuth-r  |)i-(»pertv,  and  is  nowhere 
more  than  sixty  fe«'t  below  the  surface  of  the  irround  on  the  line  of  the 
cut-otf  to  be  described.  Al»ove  the  Iburleeu-foot  vein  and  about,  .SiV 
miflway,  iu'tween  it  and  the  surface  ot"  the  u:round,  there  is  another 
.-mall  vein  or  I'ider  of  coal,  alxiut  twelve  inches  in  thickness.  The  rock 
between  the  two  vein-  I-  a  coi-bonaceoiis  -late,  about  twentv-live  feet  in 
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rhi('knes.s.  Above  the  sniallor  vein  is  a  bed  of  r^andj^toiio,  varying  in 
thieknes.*,  bnt  tjenerally  not  less  than  from  eight  to  ten  feet.  Thi.s 
Kindstone  is  also  carbonaceous,  but  the  proportion  of  carbon  is  much 
less  than  in  the  slate  below.  Both  rocks  have  been  analyzed,  and  before 
the  next  Institnte  meeting  the  writer  hopes  to  be  able  to  furnish  the 
axnvt  prop(»rtions.  The  sandstone  is  overlaid  with  debris  up  to  the  sur- 
face of  the  ground. 

Some  time  during  the  sj)ring  (»f  1S7<)  it  was  fonnd  that  the  coal  left 
in  the  worked-ont  mine  had  l)een  set  on  fire,  and  that  the  fire  was  grad- 
ually s])reading.  Inquiry  developed  the  fact  that  the  fire  had  origin- 
ally been  started  by  a  woman,  who  had  taken  up  her  al)ode  in  an  old 
runnel  leading  into  the  workings.  Owing  to  some  delay  in  tlie  early 
attempts  made  to  extinguish  the  fire,  it  finally  gained  such  headway 
that  no  ordinary  means  were  found  to  be  effectual.  Finally,  Mr.  V.  F. 
Conrad,  civil  and  mining  engineer,  of  Pittston,  Penna.,  was  called  in 
a«  c<  insulting  engineer.  He  advised  the  making  of  a  thorough  cut  through 
«ucli  portion  of  the  f)ld  workings  as  had  not  been  reached  by  the  fire. 
It  was  found  by  survey  that  this  cut  could  be  limited  to  a  length 
of  about  one  thousand  tMO  hundred  feet,  as  the  vein  faulted  on  both 
side«,  and  that  the  greatest  depth  of  the  cut  would  be  about  sixty  feet. 
Subsequently  it  was  decided  to  tunnel  part  of  the  way,  thus  saving  the 
deepest  p(jrti<»n  of  the  cut. 

In  1856-7  there  occurred  a  fire  in  the  siuue  mine.  Tw(»  stone  M'alLs 
in  V  shajie,  running  from  the  aju'x  of  the  A'  towards  the  out-cro]),  were 
built  to  cut  the  fire  off,  and  these  walls  Averc  carried  as  far  as  the  vein 
liad  at  that  time  been  worked.  After  the  walls  were  finished  the  old 
workings  were  filled  in  on  both  sides  with  clay  and  sand,  making  the 
sj)aces  air-tight;  this  liel])ed  to  stay  the  fire;  it,  however, finally  broke 
tlir<»ugh  to  the  surface  of  the  ground,  and  only  went  out  when  it  reached 
tile  solid  coal. 

The  j)resent  cut  passes  through  the  |)(»int  of  junction  of  the  old  V 
walls,  and  is,  therefore,  located  directly  through  the  d^hrix  and  asli  of 
the  old  fire.  This  l(»cation  for  the  cut-off  was  decided  on  i)y  Mr. 
Conrad,  after  a  careful  survey,  foi'  two  reasons.  1st.  In  the  h<>pe  of 
finding  all  combustible  matter,  coal,  gob,  carbonaceous  slate,  etc.,  burnt 
to  ash  by  the  old  fire.  In  this  case  much  excavation  would  be  saved, 
jj.'^  the  ashes  of  an  extinct  fire  might  fairly  be  assumed  to  be  an  impa.ss- 
iible   barrier  to  a  new  one,  and   2d.    In  the  hope  that  if  the  material 
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were  in>t  tnuiid  to  l»c  fully  calcined,  still  that  its  Imriit  coiKlitioii  would 
render  it  more  workable,  and  thus  more  easily  removed. 

After  removing  the  surface  material  the  walls  above  dcseribed  wore 
found,  and  then  about  tM-enty-tive  feet  beyond  them  a  solid  ])illar  of 
coal  in  place.  Where  this  ojK'nin^-  was  thus  iirst  made  to  the  old  tire, 
the  coverinu-  over  the  vein  was  from  thirty  to  thirty-tive  feet  thick, 
al>out  three  to  five  feet  <»f  surface  soil  and  earth,  and  the  remainder 
ycllow  slaty  sandstone  and  coal  slate,  the  slate  and  the  sandstone  beinti' 
parted  by  the  rider  or  small  coal  vein  above  noted.  It  was  at  this  point 
that  a  curious  fact  was  develo|K^I,  and  it  is  in  order  to  brino-  it  to  tin- 
attention  of  the  Institut<;  that  the  writer  has  prepared  the  |)resent  com- 
munication. On  investiij^ation,  it  was  proved  that  the  old  fire  had  not 
penetrat<'d  the  solid  coal  in  pldcv.  ^^'here  it  met  a  j)illar  in  the  work- 
ing, the  coal  wjls  simply  calcined  on  its  surface;  but  in  all  cas(S /./»r 
orrr/ifinf/  slafr  rock  irns  nilcincd  t/iroiif/Itonf.  Nav  more,  lor  the  14- 
foot  vein  on  the  lUitler  pi'o|»erty  is  nearly  ci|ually  divided  by  an  .S-ineh 
partin<i;  of  slate,  and  it  was  found  that  this  slate  rock  (with  sound, 
britiht  coal  on  both  >ides),  had  l)e<'n  thorouuhlv  calcined.  Above  the 
1 4-toot  N'ein  the  rock  was  also  found  to  be  calcined  up  to  and  above 
the  I'J-inch  rider,  or  small  vein,  while  this  small  vein  of  solid  coal  was 
also  found  to  be  unbui'ued  and  perfectlv  sound  and  briirht,  as  in  the 
case  of  the  larjjer  vein. 

Finally,  it  was  found  on  (»xc:ivatinjr  fni'ther,  that  when  the  okl  Hre 
had  reached  the  face  of  th(r  workings,  its  i)roii-ress  had  been  arreste<l. 

From  this  experience  it  would  appear  to  be  established  that  coal  in 
sifii  cannnt  be  burned  tii  nuisse  ;  but  that  the  walls  of  carbonaceouf* 
slaty  rock  inclosini>-  solid  coal  cdn  be  burucnl  or  calcined  in  .situ.  On 
what  theory  this  tact  can  be  explained  may  be  an  interesting;  matter 
fbr  discussion  to  >oiiic  members  of  the  I  nstitute,  more  directly  con- 
ne<'te<l  than  the  wi'iter  can  claim  to  be  with  pi-oblems  of  this  nature. 
At  the  Februarv  nu'ctint;-  (  1X79)  the  writer  expects  to  be  able  to  pre- 
sent samples  of  the  coal  and  rock  referred  to,  both  in  its  calcined  and 
in  its  natural  state,  and  by  that  tinu^he  hopes  also  to  have  the  analyses 
above  referred  to,  sliowin<>-  the  j)ro|)ortion  of  carbon  in  the  slate  and 
sandstone.  it  >liould  also  i)c  stated  here,  that  i-ven  the  sandstone;  was 
found  to  be  burneil,  tliou<;li  not  so  thoroughly  as  the  slate. 

At  present  the  (pu-stion  to  the  company,  of  course,  is,  whether  the 
new  fire,  now  rau-injr,  will  be  sto|»ped  i)y  the  cut  or  not.  The  cut  was 
made   about    -"{O  feet  wide,  and    is  carried  from   one  (Mid  of  the  coal  to 


April,  1879.J  German  Petroleum.  '275 

the  other,  and  down  to  the  foot- wall  of  the  vein.  About  2UU  feet  of 
the  distance  has  been  tunnelled.  Xt  this  point  the  vein  ha.s  been 
removed,  and  heavy  walls  built  on  either  side  of  the  tunnel.  Als<> 
the  adjacent  old  workings  towards  the  fire  have  been  tilled  with  clay 
and  incombustible  debris,  and  it  is  l^elieved  by  the  engineer  in  charge 
that  this,  with  the  cut,  will  afford  an  effectual  stay  to  the  tire,  which 
is  expected  to  reach  the  line  of  the  cut  some  time  in  January  or  Feb- 
ruary, 1879.  When  the  present  tire  becomes  extinct,  it  will  be  an 
interesting  matter  to  note,  whether  in  the  old  workings  in  which  it  hits 
been  raging,  the  pillar  coal  has  remained  unburned  as  in  the  old  tire- 
That  the  superimposed  slate  and  sandstone  is  being  calcined  is  evident,, 
for  the  craters  formed  over  the  surface  show  on  all  sides,  at  nighty 
glowing  masses  of  incandescent  rock,  extending  often  up  U)  the  surfaw. 
The  writer  hopes  to  be  able  to  supplement  the  present  pai)cr  by 
another,  at  some  subsequent  meeting,  giving  a  lull  acci^unt  of  the  con- 
struction of  the  cut-off'  and  of  its  result.  This,  of  course,  cannot  be 
done  until  the  tire  has  progresse<l  i'arther,  and  actually  reached  the  cut. 

Since  the  original  publication  of  Mr.  Drinker's  paper,  al)ove,  in  tln' 
Transactions  of  the  American  Institute  of  Mining  Engineers,  the  tin- 
described  has  been  gradually  nearing  the  cut,  and  at  some  points  smoke 
has  been  observed  coming  into  the  side  of  the  cut  towards  the  tire.  It 
is  however,  still  too  soon  to  state  detinitely  whether  the  cut  will  have 
it"*  desired  effect  in  arresting  the  tire  or  not,  or  whether  the  tire  may 
still  travel  across,  over  the  tunnel,  through  the  carbonaceous  slates. 
overlying  it.  The  discassion  of  Mr.  Drinker's  paper  by  mining  engi- 
neers seems  to  have  established  the  general  opinion,  that  the  slates  in 
the  old  tire  were  not  actually  burned,  but  that  the  carbonaceous  matter 
in  them  was  rather  subjected  to  a  [)roceas  of  distillation.  It  is  said 
that  some  careful  tests  are  about  to  be  made  on  this  point,  by  subje<'t- 
ing  a  quantity  of  the  slate  to  a  high  heat  under  various  conditions, 
and  the  results,  together  with  some  further  notes  on  the  Butler  Mine, 
will  be  submitted  to  the  Institute  of  Mining  Engineers,  at  their  next 
meeting,  in  May,  at  Pittsburgh. — Ej>.  Journai.. 


German  Petroleum. — Xear  Heide,  in  Holstein,  a  tiowing  petro- 
leum well  has  l)ecn  bored  which  yields  an  oil  of  a  quality  similar  to  that 
of  the  American  wells. — Uer  Ter/ntihcr.  C. 
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Atmospheric  Impurities. — It  is  eFtiniatcd  tliat  En«rlaiul  yearly 

iiM's  I  1  K()4.J,It4(>  ifin-  <tt"  ((imI.  It'  we  siij)|)(is»'  it  tt>  <M»iitaiii  onlv  oiu' 
jKT  ((nt.  .(tsiilpliiir.  there  is  an  annual  infu.siou  of  8,r)()(),000  tonn  of 
Milplnirie  a<M(l  into  the  air.  which  tlie  inhal)itants  are  •>l)liir«.<l  to  hreathe. 

—  />«/•    1)  rhnihir.  (\ 

Education  in  France. — France  now  has  2o'>  eoMe<res  and  SJ) 
^(•('unis.  Towards  the  en<l  of  the  reign  of  Charles  X.  the  educational 
I'udget  ainounte<l  to  hut  1  ,.S25,0()0  francs,  MJiilo  the  expenses  of  the 
royal  family  were  :i'J,0( )( »,()0()  francs.  Tnder  the  se<'ond  empire 
the  outlay  for  puhlie  instruction  was  raised  to  3,000,000  fnuies. 
The  re|>ul»lican  administration  increased  the  amount  \o  :{S,()00,()0<)  in 
1X7<J,  4!t,()()(V)()0  in  1.S77,  and  57,000,000  in  187.S.  ( )f  the  last  ai)prn- 
priation  ;i0,(>00,000  francs  were  for  elementary  instruction. — Ihr 
Tn-Iinikcr.  ('. 

Encouragement  of  Art. —  In  the  <'ii:lit<'enth  century  the  laws  (»f 
J'russia  rc(juiie<l  ihat  cNcry  wcalthv  .lew  who  married  should  l)uv  his 
|N»rcelain  at  the  royal  manufactor\  in  licrlin.  'I'he  director  often  took 
tJie  money  and  made  his  own  .selection  of  pieces  to  l)e  «:i\-en  in  e.xchaugc. 
Moses  Mendelssohn,  although  c-t'lehratcil  as  a  piiihwophieal  thinker  and 
writer,  was  ohjig*-!!  to  sul>niit  to  the  law,  and  lie  receivtHl  forty  j)or(v- 
lain  a|)es,  of  life  size.  Some  of  them  are  .still  preserved  in  the  Mendel.s- 
"-olm  family.  'J'his  method  of  o|)pres<ing  conscieiuv  for  the  deveh)))- 
luent  of  cenimie  art  was  estahlished   during  the  reign   of   Frederic  the 

<  ireat.  the  |»hiIosophical   King. — Arc/iin.'*  Jsrne/if<.'<.  C. 

Electrodynamic  Induction. — It  is  a  common  im|)re.ssion  among 
■ele<-iriciau.-  that  a  telegni|»hic  conductor  can  he  with<lniwn  fron>  the 
inductive  intluence  of  neighhoring  e(»uductors  hv  metallic  enveloj>e.s 
w  iii<*h  arecoiuiecied  w  ith  the  ground,  hut  II.  I)eMau«'.\  tried  someexperi- 
iiiiiits  in  the  moiuli  of  l•^•l)ruary,  ]  (S7.S,  prepar-at<ii"v  t«»  the  estahlish- 
iiM  lit  of  the  t<'legraphic  .>.ervi<*e  ot'  the  French  Kxposition,  which  led 
him  to  the  discovery  »»t  a  new  law.  In  electrostatic  action,  the  iiiduc- 
fioii  may  he  prevented  hy  the  |)ropo.sed  method,  hut  the  law   relative  to 

<  ie<tnKlynamic  induction  is  thus  stated:  In  a  elo.sed  circuit  the  intensity 
of  the  current,  whieh  is  determined  hy  the  induction  of  a  cylindrical 
eonductor  upon  anotlu-r  of  tlu;  same  I'orm,  cannot  he  changed  even  hy 
''Urrounding  one  or  hoth  of  tho.s«'  couductoi's  hv  a  (•oneentric  metiilli*- 
•  nvelopt'  coinimuiicating  with   the  gntund   through   its   entire   length. 

—  (\>in lifts  Ixiiiihis.  C 
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Dry  Coating  for  Basement  Walls. — Take  fifty  poumls  pitcli^ 

thirty  pounds  resin,  six  pounds  Knglish  red,  and  twelve  poiuids  hriek- 
diLst.  Boil  these  ingredients  and  mix  them  th< trough ly  ;  then  add 
about  one-fourth  the  voliune  of  oil  of  turpentine,  or  enouiili  to  flow 
cjisily,  so  that  a  thin  coating  may  be  laid  on  with  a  whitewash  or  paint 
brush.     Walls  thus  coated  are  proof  against  dampness. — Dcr  2W'hmkei\ 

;d')  "io  n^i';i-i[->ilj  tf.)  hiv>   hii  r 

Influence  of  Color  on  Warmth  of  Soil.— By  an  extensive 

series  of  ex])erinients,  K.  Wollny  allows  that  the  color  ot  the  surface  ha.-« 
an  inii)tirtaiit  influence  on  the  heathig  of  the  gi'ound  in  a  dry  condition, 
where  the  mineral  constituents  are  substantially  the  same,  and  th'> 
diflerence  in  the  (piantity  of  hunuis  is  oidy  such  as  to  produce  a  difler- 
eiice  of  color,  with(»ut  changing  the,  specific  heat  or  conductivity. — 
Dingier  s  JonrimL  C. 

Von  Oppolzer's  Planet. — The  tenth  orbital  confirmation  or 
C'luise's  harmonic  astronomical  prediction,  re})resents  the  closest  plane- 
tary proximity  to  the  sun  of  wliich  any  indications  liave  yet  been  tbimd. 
There  are  six  interior  jvtsitious,  but  they  are  ccmnected  with  planetary 
rotations.  Vf>n  Oppolzer  finds  that  his  Qrbit  accords  very  well  with 
the  three  latest  observations,  which  are  thje  most  important  beraiise  the 
exact  time  of  observation  is  known.  ;It  also  satisfactorily  represents 
five  other  ol)servations.  It  is  impossible  to  wmnect  it  with  either  ot' 
Watson's  two  planets.  Les<;arbault's  observation  being  one  of  the  three 
latest,  this  appears  to  be  the  true  Vnlran,  and  other  names  nnist  be 
found  for  its  com])anions. — (Joiiiptes  Rendus.  C. 


Telectroscope. — M.  Scnhicq,  of  Aries,  has  invented  an  apparatus, 
for  the  telegra[)hic  rei)roduction  of  images  formed  in  the  camera  oJ)scura. 
In  the  focus  of  the  camera  is  a  ground  gla.ss  slide,  with  a  selenium  point 
in  the  electric  circuit.  As  the  point  moves  over  the  light  or  dark  j)or- 
tions  of  the  glass  the  selenium  communicates,  with  great  sensitiveness, 
the  vibrations  of  light.  The  receiver  is  a  soft  phunl)ago  or  crayon 
point,  attached  to  a  very  thin  plate  of  soft  iron,  and  vibrating  befon; 
an  electrfj-magnet,  which  is  governed  by  the  irregular  current  from  tlie 
selenium.  AVhen  the  selenium  passes  over  an  illuminated  portion,  the 
current  increa.ses  in  intensity,  the  electro-magnet  checks  the  vibrations 
and  the  crayon  exerts  less  pressure  on  the  paper.  When  the  surface  is 
dark,  contrary  results  are  pnjduced  and  a  well-shade<l  cojn-  is  thus 
made. — Len  Mondes.  C. 
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Digestion  of  Albuminoids  in  Invertebrates. — Dr.   l>o«n 

Frc'<l<'ric<j,  ottlic  I'liivcrsity  ol"  (ilitiit,  finds  that  tlu' dijxcstivt' luochan- 
ism  if?  the  same  in  all  animals.  The  transformation  of  food  is  always 
<'ff(rt<'d  l)v  tlu'  iii('diati«^>n  of  sul)stanc<'s  like  the  dig:ostive  ft'rmonts  of 
the  vertchratcs,  and  the  pnHlucts  of  ditrcstion  are  uniform.  —  Ja-i 
Monfle^.  C. 

Chemical  Volcano  in  Nebraska. — On  the  shores  of  the  Mis- 
H»uri,  in  Dixon  county,  ahout  3<)  miles  from  Sioux  City,  there  is  a  larp' 
hluft",  a  part  (»f  which  fell  into  the  river  about  two  years  Ji^o.  Wht'u 
the  ear  is  aj)plie<l  to  the  ground,  internal  rumbling  are  heard,  and  flamts 
<K'«i.>*irmally  apjwar,  especially  hy  ni^ht, steam  iKsues  fromereviees  and  the 
n(i<rhl)orho«Ml  appears  (piite  volcanic.  I'rof.  Auirhey,  of  Nehr.iska 
I'nivcrsity,  has  lately  examined  the  re<>:ion  and  concludes  that  the  ph«'- 
Moniena  are  the  residts  <»f  local  chemical  action.  The  upj)er  surface  of 
the  Muff  is  carlxtnate  of  lime;  under  this  is  a  stratum  <»f  potter's  clay 
which  contains  iron  pyrites,  together  with  carbonate  of  mairnesia  and 
ijhunina.  The  decomposition  of  the  iron  jyy rites  libemtes  suljthuric  aei<l 
aiul  the  ])ercolation  of  water  brings  it  into  contact  with  the  carbonat<'s, 
thus  develo|>in<r  ^reat  amounts  of  lu'at,  steam  and  carbonic  acid. — 
Forhrh.  dcr  Zrif.  ( '. 

Modifications  of  Ampere's  Laws. — Max  Margules  has  com- 
municjited  to  the  Vienna  Academy  the  results  of  his  researches  iijwn 
"  The  Theory  and  Aj)plication  of  Klcctro-\Ia<rnetic  K(>tati()n,"  which 
he  emlxMlies  in  the  two  follow  ing  laws  :  1.  If  the  ])oh'  of  a  mjignet 
rotates  in  the  neij^hborhood  oi'  an  unclosed  conductor,  about  an  axis 
which  is  within  the  majxnet,  a  current  will  be  induced  within  the  con- 
ductor ;  but  if  a  rectilineal  (conductor  is  turned  about  its  own  axis,  in 
the  nei^hl)orho(Kl  of  a  maf^netie  pole,  no  current  will  be  pr(Kluce<l  in 
it.  2.  The  rotiition  of  a  magnetic  pole  around  a  rectilineal  condiK^ 
tor  induces  no  current,  but  the  r(»tation  of  the  ('on<luctor  about  the  |)ole 
jtpKluces  an  induce<l  current.  The  first  portion  of  the  first  law  is  a 
simple  inversion  of  Ampere's  statement  of  the  law  of  electro-maj^netie 
r«>tati(»n  ;  it  has  als<»  been  demonstmf<'d  by  F.  E.  Naumann,  and 
adopted  as  a  fundamental  law  of  the  j)henomena  of  tmi-polar  in(lu(^ 
tion.  Hut  W.  \\'ei)er,  who  first  specially  investigated  the  phenomena 
to  which  I'araday  invited  attention,  disj)utes  the  sufficiency  of  A  m|)ere'M 
explanation  of  the  rotiitit)n  of  a  magnet  on  its  own  axis  when  it  is  tn»^ 
versetl  by  a  galvanic  current. — Ann.  der  Phys.  und  Oh^m.  C. 
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Fire-proof  Paper  for  valuable  doeument-r  may  be  made  frr)m  one  part 
vegetable  fibre,  two  ])arts  asbestos,  jL-  of  a  part  borax, -^  of  a  part  ahim. 
A  fire-proof  ink  for  the  same  may  be  made  from  850  grains  graphite, 
80  grains  eo])al  varnish,  75  grains  copperas,  300  grains  tincture  of  galls 
and  indigo-carmine. — JJer  Teehniker.  C. 


Franklin    Institute. 


Haij,  of  the  Institute,  March  19th,  1879. 

The  stilted  meeting  wa.s  called  to  order  at  8  o'clock  P.  M.,  the 
President,  Mr.  William  P.  Tatham,  in  the  chair. 

The  President  announced  the  appointment  of  Dr.  Isa^ic  Xorris  to 
fulfill  the  duties  of  Secretary  pro  tempore. 

There  were  j)resent  172  members  and  35  visitors. 

The  minutes  of  the  lai?t  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  tlie  Board  of  Managers,  and 
rejHjrted  that  at  the  liust  meeting  13  persons  were  elected  meml)ers  of 
the  Institute,  and  the  resolution  of  the  Board  that  the  Elliot  Cresson 
Gold  Mediil  is  hereby  awarded  to  Henry  Bowers,  of  Philadelphia,  in 
iK'Cordance  with  the  recommendation  of  the  Connnittee  on  Science  and 
the  Arts  (reported  to  the  Board  of  Managers  Oct.  9th,  1878),  for 
having  introduced  into  the  United  States  the  manufacture  of  "  Pure 
InodoroiLS  Glycerine."  He  also  reported  fr(»m  the  sjime  committee  the 
following  resolution,  passed  on  the  5th  instant : 

Resolved,  That  the  Elliot  Cre.sson  Gold  Medal  be  awarded  to  Nurbert 
de  I-Audtsheer,  of  Paris,  France,  for  liis  machine  for  treating  flax, 
hem]),  etc.,  and  that  tlie  usual  publiration  be  made  by  the  Actuary'  in 
the  Journal  of  the  Franktjn  Institute  of  the  ])roposed  award 
of  said  medal. 

The  Actuary  also  reporte<l  the  following  resolutions : 

Resolved,  That  the  Board  of  Managers  have  learned  with  deep 
regret  of  the  death  of  Mr.  J.  B.  Knight,  late  Secretary  of  the  Frank- 
lin Institute ;  that  we  bear  testimony  to  his  zeal,  faithfulness  and 
abilit}-,  and  will  unite  in  paying  our  hu^t  tribute  of  respect  by  attend- 
ing his  funeral  on  the  day  appointed. 

Re.solvcd,  That  a  committee  of  three  be  appointed,  including  the 
President  of  the  Institute,  who  shall  be  chairman,  to  j)repare  a  memo- 
rial of  Mr.  Knight,  to  be  recorded  on  our  minutes  and  to  be  presented 
to  the  Institute  as  an  expression  of  the  feelings  of  this  Board. 
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T(»  this  service  Mr.  ( '((Icinan  Sellers  and  Mr.  Tlieodure  H.  lvai»<l 
were  appoinUnl  witli  tlie  President. 

The  tnllowiiii:-  memorial  was  then  read  l>v  the  Seeretarv  pro  fem. 

Ja<'<)1{  liiioWN  KxKiiiT,  late  Seeretarv  of  the  Franklin  Institute, 
was  the  son  of  ( leoruc  J.  Kniuiit  an<l  Ahi  lirown,  his  \\ife,  and  wjls 
born  near  JJrownsville,  Jett"ers(»n  County,  \.  V.,  upon  the  2(1  of  .Innt*. 
in  tlie  year  18.'J3. 

Hi.s  ancestors,  Criles  and  Mary  Kniirht,  were  niendu'is  of  the  StK-icty 
of  Friends,  and  eanie  tt»  America  with  \\  illiani  Pcnn,  in  the  ship 
WclroDic,  ]i\  the  year  1(5S2.  They  settled  in  i^yherry,  Philadelphia 
County,  Pa.,  where  tiieir  descendants  are  numerous. 

His  jirandfather,  Israel  Kniuht,  in  18U4,  hou^ht  a  tract  <»f  land  at 
iilack  Kiver,  in  the  State  of  New  York,  and  with  .-^even  oi"  his  neii>h- 
bors  visite<l  the  place,  but  concluded  to  let  his  children  .settle  there,  he 
himself  returnint;  to  tlie  <>Id  homestead. 

Accordin«;ly,  his  scm  (Jeoru-e  remove(l  to  IJlaek  liiver,  w  illi  his  family. 
The  subject  of  this  memoir  was  named  after  an  uncle  of  his  mother, 
Major-Ceneral  Jirown,  u  distinjjuished  ollicer  of  the  war  <>f  LSI 2. 

He  received  his  early  e(hication  at  the  Watertown  Institute,  and  in 
his  youth  exhibited  a  ta.^^te  for  mechanical  pursuits.  lie  aft<rwards 
received  a  practical  traininu'  in  the  machine  works  <if  II(»ard  c\:  Sons. 
Watci'town,  and  in  those  of  Merrick  «.V:  Sons,  in  this  city. 

His  health  failin<i',  in  IS").")  he  went  to  the  South  and  was  t'noai;"e<i 
in  the  erection  of  suijar  and  cotton  machinery,  when  the  breaking-  out 
of  the  rebellion  proved  disa.strous  to  his  fortunes.  He  then  became  a 
cou.sultinu;  entrineer  in  the  city  of  Xew  ( )rh'ans,  and  was  an  officer  of 
a  society  of  en^rineci's  established  there,  and  was  an  occasional  e(»nti"ib- 
utor  to  DeBow's  Review. 

Mr.  Knijrht  was  ele<'te<l  a  member  (tf  the  Franklin  Institute  Sep- 
tember 1.'},  187'5,  and  evinced  his  interest  in  this  body  by  occasional 
trratuitous  services. 

In  April,  1X74,  as  a  member,  he  volunteered  his  assistance  in  tlie 
preparations  for  the  Fxhibitit»n  to  take  place  in  the  ensuiuii-  fall.  His. 
otli'r  was  at  once  accepted,  and  all  of  his  spare  time  was  devoted  to  the 
work,  without  compen.sition.  In  this  j)osition  his  assiduity,  «;ood 
judf^ment,  zeal,  intclliji;ence  and  ^ood  address,  ])ointed  him  out  as  a 
suitable  jx^rson  for  the  position  of  (Jenertd  Superintendent,  and  to  tliL^ 
p<»sition  he  wjus  appointnl  by  the  ( 'hairman  of  the  (  \nnmittee  on  Exhi- 
l>iti(»ns,  upon  the  1st  of  duly,  1874,  after  three  months  of  observation 
and  without  any  othei-  iuHuence  ur<rin<i;  the  choice. 

The  event  fully  justified  the  ap|»ointment,  and  it  would  be  a  i"e|)eti- 
tion  of  the  same  lanj^ua^e  to  enumerate  the  (pialities  he  exhibited  in 
his  new  j)osition.  The  exercise  of  these  qualities  contributed  larj^ely 
to  the  *rreat  success  of  the  Exhibition. 

Afterwards,  he  wits  app(»inted    by  the    President,  Secretary  />/'o  trm- 
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pore  of  tlic  Institute,  and  was  elected  to  that  office  at  tJie  annual  elec- 
tion in  January,  1875.  He  wa.>^  continued  in  the  office  bv  successive 
re-elections,  and  exerci.sed  the  functions  until  about  ten  days  before  his 
lamented  death,  which  occurred  upon  the  10th  of  March,  1879. 

Mr.  Knight  had  not  the  advantage  of  early  scientific  training.  He 
gniduated  at  the  vise-l)ench  at  a  time  when  machine  tools  were  far  from 
])erfect,  and  when  nearly  everything  de]>ende<l  ujwn  the  skill  and  accu- 
racy of  the  workman.  He  acquired  most  of  his  knowledge  in  the  hard 
w^hofjl  of  ex})erience,  but  in  this  school  he  was  always  a  student  and 
learned  fresh  lessons  at  every  turn  of  fortune.  The  knowledge  he  thus 
ac(juired  was  both  various  and  extensive.  It  was  firmly  held  and 
always  available. 

He  had  a  just  judgment  of  his  own  power's,  which  gave  him  courage 
to  attempt  and  accomplish  what  seemed  to  be  beyond  tlicm  ;  but  he  had 
no  false  pretensions,  and,  if  insufficiently  acquainted  with  a  subject,  he 
was  free  to  confess  it  and  to  ask  for  assistance,  which  the  magnetism  of  his 
character  and  his  continued  zeal  for  the  interests  of  the  Institute  dis- 
posed all  around  him  to  render. 

It  was  thus  as  Secretary  and  as  editor  of  the  Jourxat.,  he  was  able 
to  avail  himself  of  the  ample  resources  in  talents  and  special  acquire- 
ments of  the  members  of  the  Institute  and  to  wield  them  for  its  benefit, 
and  to  accomplish  more  than  any  one,  unaided,  could  have  done. 

One  illustration  of  his  methods  mav  be  recorded.  It  was  at  his  sug- 
gestion  that  the  Connnittee  on  Dynamo-electric  Machines  was  raised 
last  year.  In  personal  composition  the  committee  contained  all  the 
ability  and  science  requisite  for  the  work,  which  involved  delicate 
measurements  of  power,  light,  heat  and  electricits*  in  its  .several  func- 
tions. The  work  was  patiently  pursued  and  sncee.^>*fully  accomplished, 
but  often,  after  the  day's  work  of  the  ccmimittee  had  been  finished,  the 
►Secretary  would  remain  behind  and  repeat  the  ex])eriments  and  obser- 
vations for  his  own  instruction. 

At  the  time  of  his  death,  Mr.  Knight  was  Secretary  of  the  Franklin 
Institute,  Editor  of  the  Journal  of  the  Institute,  Representative  of 
the  Institute  in  the  Board  of  Tmstees  of  the  Pennsylvania  Museum 
and  School  of  Industrial  Art,  \"ice-President  of  the  Young  EnginceiV 
CluVj,  and  Member  of  the  American  Philo.'<o])hical  Society. 

He  was  stricken  down  in  the  full  career  of  public  usefulness,  and  at 
a  time  when  he  had  every  prospect  of  future  distinction. 

The  Board  of  Managers  of  the  Franklin  Institute,  to  testifv  their 
sorrow  for  the  loss  of  an  able  and  faithful  officer,  record  u})on  their 
minutes  this  tribute  to  his  memorv, 

Mr.  William  V.  McKean  moved  that  the  jta})er  just  read  be 
recorded  upon  the  minutes  of  the  Institute,  which  was  adopted. 

The  following  resolutions  from  the  Executive  Committee  of  the 
Penn.sylvania  Museum  and  School  of  Industrial  Art  were  read  : 
Whole  No.  Vol.  CVTT. — (TiirBP  Skrikp  Vol.  Ixxvii.)  20 
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Rexohed  bv  the  Executive  Committee  of  tlie  Trustees  of  this  School, 
That  wo  learn  with  deep  regret  of  tlie  .^^uddeii  death  of  Mr.  J.  B. 
Xniglit,  hite  Rei>re.<eiitative  of  tlie  Franklin  Institute  in  \\\h  corpora- 
tion. We  liave  found  him  to  be  a  faithful  and  active  co-worker  in 
this  institution,  and  a  fittinti"  representative  of  the  oldest  Mechanic'.s 
Institute  in  America. 

lifsolvcd,  That  a  eojn-  of  this  resolution  be  sent  to  the  President  of 
the  Franklin  Institute,  with  a  request  that  he  have  it  presented  at  tlie 
next  meeting  of  the  Institute,  as  an  evidence  of  our  respect  for  their 
late  Seeretarv. 

Mr.  John  .1.  W  I'aver  moved  that  the  resolutions  read  from  the 
I'emisyKaiiia  Museum  and  School  of  Industrial  Art  be  entered  on  our 
minutes,  which  was  adopted. 

The  (^)mmittce  on  Library  reported  the  follt»wino  donations: 

Map  of  the  Fnited  .States  and  Territories. 

Annual  l\e]»orts  of  the  Commissioner  of  the  General  ]iand  Office 
for  1877  and  187.S.  From  the  Commi&sioner  of  General  Lands. 

Annual  Report  of  the  Supervising-  Architect  to  the  Secretary  of  the 
Treasury  for  the  year  1878.  From  the  Supervising  Architect. 

Forty-sixth,  Forty-eighth  and  Forty-ninth  Annual  Reports  of  the 
lioard  of  Commi.ssioners  ctf  Public  Schools  of  Jialtimore.  1874,  1876 
and  1<S77.  From  the  Board  of  Commissioners. 

Rejjorts  of  the  In.spectoi*s  of  Mines  of  the  Anthnicitc  Coal  Regions 
of  Pennsylvania  for  1873 — 1877, 

From  the  In.siK'ctor  of  Mines,  Harrisburg. 

Annual  Report  of  the  Com mi.ssioner  of  Agriculture  for  1H77  and 
1S78.      Wa.shington,  1,S7<S. 

From  the  Commi.ssioner  of"  Agriculture. 

Annual  Reports  of  the  Secretary  of  the  Navy  for  the  years  1872, 
1873,  1875,  1870  and  1878.  From  the  Secretary,  Wa.shington. 

Catalogue  of  I>i-ooklyi)  Library.      Parts  1  and  2. 

I'ldiii  the  Library,  Br(»oklyn,  X.  ^^ 

b'irst  to  Third  .Ammal  i{ei)orts  of  the  New  Jersey  State  Board  of 
Agriculture  I'or  1873 — 1875.  From  the  Board. 

First  to  Eighth  Annual  Reports  of  the  Department  of  Health  of 
the  City  of  Chi^igo.     1870 — 1877.  From  the  Department. 

Annual  Reports  of  the  Canal  C(»inmissioners  of  the  State  of  New 
York  for  1.S74  and  1877. 

From  the  Department  of  Public  Works,  Albany,  N.  Y. 

Kighth  Report  of  the  Board  of  Trustees  of  the  Illinois  Industrial 
Fniversity  for  1S7().  From  the  University-. 
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Annual  Report  of  the  Secretarv  of  the  Treasury  on  the  State  of  the 
Finances  for  1878.  From  the  Secretary,  AVashington. 

Monthly  Reports  of  the  Kausjis  State  Board  of  AgricuUure  for 
February,  March,  November  and  December,  1877 ;  and  May — 
December,  1878. 

Reports  of  the  Kansjis  State  Jioard  of  Agriculture  to  the  Legisla- 
lature  for  1873,  1875  and  1876.  From  the  Board. 

Annual  Report  of  the  Commissarv-Gener.d  of  Subsistence  to  the 
Secretary  of  War  for  1877. 

Official  Army  Register  for  January,  1878. 

From  the  Secretary  of  Wai-,  Washington. 

Report  of  Meteorological  Council  to  the  Royal  Society  for  Ten 
Months  ending  31st  March,  1878. 

From  the  Meteorological  Committee  of  tlie  Royal  Society. 

Pealxxly  Institute  of  Baltimore.     Eleventh  Annual  Report.     1878. 

From  the  Institute. 

Twenty-sixth  Amuial  Report  of  Boston  Public  Library.      1878, 

•'    -4-  From  the  Library. 

Annual  Report  of  the  Commissioners  of  Fairmount  Park,  Phila- 
delphia, for  187.S.  From  the  Commissioners. 

Annual  Report  of  the  Commissioner  of  Internal  Revenue  for  the 
year  1878.  From  the  Secretary  of  the  Treasury,  Washington. 

Charter  and  By-LaAVS  of  the  Maryland  Institute  for  the  Promotion 
of  the  Mechanic  Arts,  and  Report  of  the  Twenty-eighth  Exhibition. 
1S78.  From  the  Institute. 

Twenty-third  Annual  Report  of  the  Board  of  Education  of  the  City 
of  Chicago  for  1877     From  the  Department  of  Public  Instruction. 

Legislative  History  of  Subsistence  Department  of  the  United  States 
Army  for  1775 — 1876.     By  J.  W.  Barriger. 

From  Secretary  of  War,  Wsishington. 

Ammal  Rej)ort  of  the  Secretary  of  Internal  Affiiirs  of  Pennsyl- 
vania for  1878.     2  parts  in  1  vol.     From  J.  S.  Africa,  Harrisburg. 

Annual  Report  of  the  Light-house  Board  to  the  Secretiiry  of  the 
Treasury  for  1878.  From  the  Board,  Washington. 

Digest  of  Opinions  of  the  Judge- Advocate-General  of  the  Army. 
Edited  by  Major  W.  Wiuthrop.     3d  edition. 

From  the  Secretiiry  of  War. 

New  and  Original  Theories  of  the  Great  Physical  Forces.  By 
Henry  Raymond  Rogers.     Dunkirk,  N.  Y.     1878. 

From  the  Author. 
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Onlnanco  MoinoraiKla.     \<t.  '1\.     Aiumuuitiuii,  etc.,  cU*.      187(S. 
From  tlio  (^hic'f  of  Ordnance,  Wasliiiijrton. 

C'la.<siHc;iti(>n  of  the  Collection  to  illu.><tratc  the  Animal  Kounrccs  of 
the  Tnited  State.-^.     By  G.  Bn.wn  CkxkIc.      1876. 

Bnllctin  of  the  United  States  Xa,tionid  Maseum.     \<i.   •').     Bv  -I- 
I.  Kulcicr.       IN  <  o. 

KcjMirt  i>i"  Initcd   States  (ieologicul  Survey  of  Terntories.     Y.  V. 
Hayden,      \'ol.  1,  Fo.>^.>iil  Vertehrates,  and  Vol.  5,  Zoolotry. 
From   the  S'cretary  of  tlie  Interior,  through   Jlon.  Charles  ()'.\»m1,. 
Hou.se  of  Representative.'^,  W;whinj!i;tou. 

Specifications  and  Drawui^js  <,»f  l*ateut*;  issue<l  from  the  I'nited  St^it^s. 
Patent  Ofliee  for  Se|»tenil»er,  1H7S. 

From  the  ( 'onnni-ssiouer  of  I'atents,  \^'ashino•to||. 
'■   _'■■'•' I  ■' 
Smithsonian  Mi.scellaneous  Collections.      Vols.  l-'J — 15. 

Annual  Reports  f»f  the  lioard  of  lieo-cnts  of  the  Smithsonian  Insti- 
tution f<>r  1S77.  Fr<»ni  tin-  Institution,  W'ashiuwton. 

Fiivt  to  Kitihth  I  Reports  of  the  DireettH's  of  ("ity  Trusts.  1.S70 — 
1877.  From  the  Directors,  Philadelphia. 

Second  (ieolo«rical  Survey  of  i*enn.sylvania.  J{ej)orts  upon  lichij^h 
district;  Azoic  rocks,  j)art  1;  Fo.ssil  ore,  Juniata  ^'^alley  ;  Bradford, 
Tioo^a  and  Indiana  Counties;  and  Maseiun  Catalogue  (I),  I);    I'';    V  ; 

(J;   4  H  ;   <)).      1S7S.  ^''  '■'■' 

I'^'om  the   Hoard  <»f  Connnissioni-rs,  Ilarrishurg. 

Twenty-seventh,  Twenty-ninth,  I'^ifty-eighth,  Sixtieth,  iMghty-nintii 
— Xinetv-Hrst  Annual  IveporLs  of  the  Regents  of  the  Iniversity  ot' 
New  YorU.  I      .nnjfi/;*^From  tJic  University,  Albany. 

Report  of  the  Thirt<'enth  Tn<lustrial  Fxhihition  under  the  .Vusjiircs 
of  the  Mechanics'  Institute  of  San  Franciscct,  Cal. 

MtiMtfli:    ■  Fntm  the  In>titut«'. 

Rej)ort  of  the  ThirtfH'uth  ]'>\liil)ition  of  the  Ma.ssa«-huseits  ('liari- 
tidde  Mechanic  A.ssociati(»n  in  Boston.      1S7H. 

l"'rom  the  .\>.-ociation. 

Chemiciil  K.xaminations  (»f  Sewer  .\ir.  r>y  Prof.  Win.  liipley 
Tsichols.     iioston,  lS7!t.  h'rom  the  .\uthor. 

The  Design  generally  of  hridges  of  very  large  span  for  railrojui 
trallic.  A  |)a|)er  hy  T.  C.  Clarke,  of  Philadelphia,  Itefore  the 
Institution  of  Civil  Engineers,  London.    l.S7«.      From  the  Author. 

Moorehead  Clay  Works'  Illustrated  Catalogue  ol"  Term  Cottn  Ware. 

I'^-om  the  Works. 
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AnK'rican  Institute  of  Architocts.  Prot-eedings  of  Third,  Fiftli  to 
Ti'iitli  .\nmial  Conventions.  From  the  Institute,  New  York. 

Fire-proof  Fh)oi's  Conij)are<l.     By  (J.  B.  Post. 

Remarks  on  Fire-proof  Construetion.     By  C.  B.  AVriii;lit. 

From  American  Institute  of  Architects,  New  York. 

Ke|)ort  of  the  Council  of  Education  upon  the  Condition  of  tlie 
PuliHc  Sdiools  of  Xew  Soutli  Wales  for  1877.     Sydney,  187S. 

Journal  and  Procmlings  of  the  RoVal  Society  of  Xew  South  Wales. 
1877.     Vol.  11.     Sydney,  1878. 

Remarks  on  the  Sedimentarv  Formations  of  Xew  South  Males.  By 
Rev.  W.  B.  Clarke.     4th  edition.     Sydney,  1878. 

Annual  Report  of  the  Department  of  Mines  of  Xew  South  Wales 
for  1877.     Sydney,  1878. 

Report  upon  the  Coustruetion  and  Working  of  Railways  of  Xew 
^outh  Wales  during  1876.     By  John  Rae.     Sydney,  1877. 

From  the  Royal  Society  of  Xew  South  Wales. 

(Jatalogue  <if  Motaia  Iron  and  Steel  Works,  Sweden.  Philadelphia, 
1.^7(i. 

Historical  Xotice  of  the  Dutch  Societv  of  Sciences  at  Harlem. 
1876. 

Construction  and  Ameublement  de  Batiments  d'ecole.  Royaunie  de 
R'ig-i.iue.     Huy,  18,76.  ..  i.-ij.oa  sru  mo'i  >; 

Hawaiian  Almanac  and  Annual  for  1876.  By  Thomas  G.  Thrum. 
Honolulu. 

Noticia,  etc.,  da  exposi^ao  do  Parana.      1875. 

Elementary  and  Middle-Class  Instruction  in  the  Xetiierlands. 
Ley<len,  1876. 

Official  Record  ;  containing  Introduction,  Catidogucs,  etc.,  of  the 
Cohtnv  of  \'ictoria  at  the  Philadelphia  Exhibition,  1876.  Melh«^urne, 
187(i." 

Denmark  at  the  Centennial,  187<). 

Collection  of  Russian  Domestic  Manual  Labour.  St.  Petersburg, 
1876. 

Catalogue  of  Collections  from  the  India  MiL«eum  exhil)ite<l  in 
Indian  Department  of  Philadelphia  Centennial  Exliibition,  1876. 

Agrictdtural  Instructicms  for  Brazil. 

Exposicao  des  trabalhos  historicos  gcogra[)hicos,  etc.,  etc.,  exhibida 
na  exposicao  nacional  de  1875.     Rio  (le  Janeiro,  1876. 
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Estiulos  sobro  :i  quiirfa  cxposirfio  iiacional  dc  1S75.  I'or  .1.  <!«^ 
Saldanlia  do  Gania.      1S7«>. 

Artisans'  Scliool.      Rottordain,  l.S<)9. 

Report  ro^ardinir  Swiss  Unions  of  Yuun<;  Merchants.      ls7(). 

Siaines<'  Exliil)its  to  CVntennial  Exliil)ition  of  1H7(). 

Catalogue  of  the  Statuary  and  Paintings  sent  l)v  Mihm's  Kxhihitioir 
of  Fine  Arts,      1S7(>. 

CatiUogue  of  Forest  Trees  of  the  I'liited  States. 

Index  to  and  Cataloj^ue  of  Oinhianec  C'oUeetion. 

(_'atah»gue  of  Charities  conchictiMl  hy  Women.      1<S7(). 

CatiUog^o  degli  espositori  Ituliani.      Fireuze,  1<S7(). 

Argentine  Republic.     By  R.  Napp.     ]S7<). 

Sketch  of  Pubh'c  AN'orks  in  XcthcrlMiid.      ])\    L.  ( '.  V-.m  Kerkwyk. 

Harlem,  1S7<). 

Siibsidios  para  a  organisa^an  da  Carta  pliy>ica  do  Rra/.il. 

Catalogue  of  Articles  and  Objects  exhibite<l  by  the  N;ivv  Dtpail- 
incnt  in  the  Fnited  States  Governnicnt  Rnildini;,  l'\iirniount  I'ark. 
Philadelphia,  1S7(). 

History  of  Mexican  Railway.      \\\    l>a/ and  ( lallo.      1.S7(). 

I'^rom  Edward  Shi|»p(n,  PhiUulelphi.t.. 

Re|)ort>  of  Scci-ftai-y  of  N\'ar.  1S()<) — l.S7<). 

I'^'om  the  Secretaiy,  Washington. 

Prot'.  (tcorge  A.  Kcinig,  ot'  the  I  niversity  of  Pennsylvania,  then' 
made  some  \'erv  interesting  remarks  upon  a  new  branch  ot'  science 
eonnect<Hl  with  Chemi(!al  Analysis,  for  which  he  has  pro|)osc<l  the  name 
(»f  Chromometry.  I>r.  Kiinig  prepai'cs  beads  of  l)orax  of  a  known 
weight,  into  which  are  fused  a  certain  anxtunt  of  the  substance  to  be 
examine<l,  and,  after  a  careful  preparation  ol"  them,  the  intensity  of 
color  is  measiu'ed  by  means  ot"  a  prism  having  a  color  complimentary 
to  the  bead  under  examination.  The  instrument,  called  the  ( 'hromome- 
ter,  is  an  ingenious  device  of  Hr.  Kcinig,  and  is  -killfnlly  and  beauti- 
fully made  by  Mr.  Zentmnyer,  of  this  city. 

The  Secretary's  repoit  end)raeed  Mr.  L.  T.  ^'onng's  Micro|)lione,  a 
very  ingenious  and  novel  arrangement  of  this  instrument.  The  form 
i<^  that  ot'  a  small  box,  with  the  usual  tele|>h<»nic  mouth-|)iecc  on  th(; 
top.  Attaclu'd  to  the  under  surface  of  the  dia|)hragm  is  cemented  a 
small   j)iece  of  rubber  holding  a  carbon  cup.      .V  >imilar  cup  is  jiiaced 
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on  the  iiir^side  of  the  biuss  ring  enij)loye(l  for  liokling-  the  ferrotvpe- 
j)hite  diaphragm  in  its  i)lafe.  Each  of  the  cui)s  are  connected  with 
l)indmg  screws  at  the  side.  The  rod  of  carbon  rests  lightly  on  the 
cups,  and  is  covered  Avith  rubber;  a  small  watch-spring  bearing  upon 
it  near  the  middle.  The  spring  is  adjustable  by  mciuis  of  a  screAv. 
This  arrangement,  it  is  claimed,  does  away  entirely  with  the  grating 
sound  usual  in  other  forms  of  microphones.  The  instrument  is 
arranged  so  as  to  be  placed  against  a  wall  or  other  support,  the  carb(»n 
rod  being  then  in  a  vertical  position, 

Mershon's  Patent  Grate  consists  of  a  series  of  rotary  bars  having 
studs  projecting  from  the  t^ides.  The  one  in  the  centre  i)eing  capable 
of  being  lowered  by  a  chain.  The  arrangement  is  such  that  air  can 
p:uss  in  freely  to  every  j)art  of  the  lire,  and  the  necessary  motion  is 
given  by  a  lever.  In  [)ractical  operation  it  is  found  very  satisfactory, 
and  considerable  saving  of  labor  is  effected  by  their  use. 

Blodgett's  Improved  Thermostat  is  intended  to  give  an  alarm  of  tire 
u{)on  the  slightest  increase  of  temperature,  operating  upon  the  well- 
known  ])rinciple  of  the  unequal  expansion  of  metals,  (brass  and  steel 
firmly  riveted  together  being  used),  closing  a  circuit  with  a  battery  and 
electric  bell.  They  can  be  used  in  place  of  the  ordinary  push  button 
by  having  a  cord  attached  to  the  instrument. 

Fleischman's  Battery  for  Medical  Use  is  very  compact,  and  allows 
of  using  from  one  to  twenty  cells  by  the  movement  of  a  ]>in  to  its 
proper  socket.  The  lid  of  the  box  is  employed  for  holding  a  sup})ly 
of  electrodes,  etc,  and  an  ingenious  arrangement  raises  and  loweis  the 
cells. 

The  Secretary  then  read  a  few  notes  he  had  made  on  the  trial  of  the 
Testing  Machine  at  the  Watertown  .Arsenal,  a  link  of  hard  wrought- intn 
being  broken  at  a  strain  of  722,800  i)Oun<ls.  Sir.  Joseph  Whitworth's 
new  measuring  instrument  was  commented  on  for  its  minute  divisi«»ns 
and  mechanical  accuracy.  The  ncAV  Krupp  gini,  the  largest  of  steel 
ever  made,  weighing  72  toiLs,  and  ha\ing  a  calibre  of  lof  inches  and 
a  length  of  o2  feet  7  inches,  the  bore  being  28;V  feet.  'I'lic  gun  is 
composed  of  steel  tln'oughout,  and  loads  from  th<'  breech.  Owing  to 
the  great  length  of  the  tube,  it  was  made  in  two  portions,  carefully 
secured,  while  jackets  or  cylinders  further  strengthen  the  gun,  Tlic 
closing  of  the  cvlindcr  is  done  by  a  sliding  wedge,  and  it  is  impo.-sibh' 
to  fire  it  until  it  is  effectually  closed.  The  charge  will  be  080  pounds 
of  piismatic  pnwder,  and  the  chilled-iron  shell  used  r^  to  weigh  IWO 
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jMiiiiul.-i.  Sonic  remarks  were  then  miule  on  tlie  eost  of  the  iri'eat  Ea.st 
River  hridge  in  its  unfinished  state,  and  it  was  shown  that  the  amount 
fX|XMulcd  of  over  ten  millions  of  dollai-s  was  »:reater  than  that  ot"  the 
Britannia  and  A'ictoria  bridges  eomhined. 

Rajtid  tran.sit  crossings  were  next  taken  uj>,  and  the  sy>tem  kn(»wn 
a>  the  *•  interlocking"  one cxj)laine<l,  where  the  signals  and  the  switches 
are  all  moved  hy  levers  placed  in  a  solid  frame  in  a  commanding 
position.  Kach  lever  is  connected  with  its  respective  switch  or  signal 
bv  rods  and  cranks,  and  yet  the  le\-ei>  are  so  <(iuneeted  with  each 
other  that  the  movement  of  any  (»ue  locks  every  other  in  the  series. 
At  the  Moorgate  street  station,  London,  where  7()S  trains  pass  daily, 
this  is  done  e\-ery  45  seconds  in  the  nineteen  lioui-s  the  tracks  are  usc^l. 
It  Wits  .Stat <'d  that  1")  ot"  these  interlocking  machines  are  now  in  o|»er.i- 
ti<»n  in  this  country,  and  no  ilanger  need  be  e.\|)crieMced  at  crossing.^, 
even  of  elevated  railroads,  with  their  use. 

'I'he  Secretary  closnl  hi.s  remarks  with  a  few  data  regarding  the  limit 
of  human  endui-ance,  and  showed  that,  taking  I'ntfcssor  Trowbridge's 
calculation  as  tlu'  correct  one,  that  a  man  with  an  average  step  lifts  hi.s 
own  weight  a  foot  from  the  ground  in  every  'l'\  feet,  lie  would  expend 
an  amount  of  forco  eipial  to  a  foot-ton  every  36^  to  4(>0  feet  tniveliMl. 
iCnowing  the  weight,  the  length  of  his  j)ace  and  the  height,  we  can 
<letermlne  how  many  feet  he  would  have  to  w;dk  t<t  pcrf<trm  a  W(»rk 
e<jual  to  ouc  ib(»t-tou.  'Phis  cxerti<»n  Trowbridge  estimate's  as  e(pial  t4) 
lifting  from  thirteen  to  Hfteen  tons  one  foot  high.  In  walking  500 
miles,  therefore,  at  the  lower  estimate,  it  would  amount  to  ({,500  tons, 
a.s  was  recentl\'  doue  in  New  York  b\-  an  I'Jigli^hman  in  six  <lay,s 
time  less  .JS','  hours,  when  he  was  not  walking. 

Mr.  ("oleman  Sellers  moved  that  the  Secretary  jho  fruijioir  represent 
the  Franklin  Institute  as  its  Trustee  in  the  l'enn>yl\auia  Museum  and 
School  of  ln<hi>trial  Art  for  the  time  of  iii<  ap|»oiiilnient,  which  was 
carried. 

Mr.  ( 'oleman  Sellers  al>o  aunouuced  that  t  li<' collectiou  iteloiigiug  to 
the  Auierican  ln>titutcot"  Mining  Kngincers,  now  exhibited  in  Memo- 
rial Ilall,  will  be  tbrmally  transfcrrcil  to  the  l*enns\l\ania  Mu.seum  and 
.S-ho<i|  nf  Industrial  Art  on  NN'educsday  next,  Mar-<li  2()tli.  'J'lie  value 
of  thi>  collectiou  i>  very  grt-at,  and.  in  all  |irobabilitv,  it  could  not  Iw 
duplicated  for  ouc  hundred  thousand  do||ar>. 

( )n  motiou,  the  meeting  adjourned. 

Isaac    N<»i!i;i>,    MA).,  •Srcrrftin/  ^irn  fnit. 
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"CONCERXrXG  ^'  ~  ^» ;  OR,  THE  LIMIT  OF  EFFICTE^X'Y 

T, 

IX  HEAT  ENGINES." 


Bv  Phof.   R.  H.  THrH.<T(»N. 


Fully  iippreciating  the  mathematical  skill,  the  familiarity  with 
heat-dy  nail  lies,  and  all  the  courtesy  illu.^trated  in  the  pa])er  puVdi.shed 
recently  in  the  Journal  under  the  above  title,  in  which  the  ''thermu- 
dynaniic  heresy"  detected  by  its  author  is  so  ably  attacked,  and  admit- 
ting the  conclusions  therein  reached,  the  writer  would  suggest  that  the 
truth  may  be  best  exhibited  by  quite  a  different  meth(xl.*  In  fact,  the 
main  question  calls  for  but  very  brief  consideration  and  may  be  solvetl 
by  very  simple  logictd  methixls,  ba.sed  on  well-proven  and  gejierally 
known  facts  which  have  been  determined  by  scientific  investigation 
and  u|)on  princi})les  equally  well-settled  and  generally  understood. 


'  In  jiLstice  to  its  author,  it  should  be  statetl  that  the  i)a{wr  containing  this 
"heresy"  was  prepared  while  he  wa.s  suHering  from  nervous  exhaustion  and  ju-ostra- 
lion  due  to  variou.s  physical  causes  and  mental  anxieties,  tlie  extent  and  the  eflects  of 
which  were  not  at  the  time  either  realized  or  su8i)ecte<l.  A  long  period  of  depres-sion 
terminating  in  serious  illness  extending  over  many  months,  from  which  illness  recovery 
him  only  recently  been  apparently  a.ssure<l,  will  account  l)Oth  for  the  original  error  and 
for  its  tardy  recognitirtii. 
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The  question  [n-imarily  at  i.s^iic  in  tlic  ca.'^e  considered  was  whether 
tlu'  thermal  ehaini"es  (»i  enerjry  (»eciirrin<r  in  a  fiuid  d()in<i;  work  and 
having  wurk  done  ujk»ii  it  when  its  eonstitiition  is  that  of  a  perl'eet  gjis, 
were  e.ss.'ntially  diiferent  so  far  as  thev  affw't  adjiiceiit  btxlies,  from 
those  ocenrrinjr  when  the  working  suhstan*^!  eondeiises  <hirin*!;  ex|)an- 
sioii  si^.iinst  resistance,  as  does  steurn  in  tlxe  steiirn  enifine.  This  point 
."-ettled,  no  further  diseiiHsion  i.s  needcxL  >  hm:   i 

The<|ue.sLiou  InnnLT,  whether  all  working  substaueen  are,  as  transferrers 
of  }«eiit,  etjually  eifieient  in  heat  enjiinert,  tJie  tuse  is  covere<l  hy  a  well- 
known  }triti(M}>le  of  nieehanies  : — In  any  niasw  or  sytteni  of  bodies,  no 
int<:'rchanjres  <»f  enorjfy  and  no  interaction  of  forwsi  among  thow^  Ixwlies 
csm  prmliiee  anv  clianirt'  in  the  a<*tion  of  the  mass  upon  IxMlie-s  external 
to  itself. 

Now,  as  the  (•Jiaracteristies  which  distinguish  perfect  gJises  from  tlu »s«' 
which,  like  steam,  condense  while  (h^ing  work  upon  external  Ixnlies, 
are  (hie  entirely  to  differences  in  inteructionw  oc<'urring  among  their 
mohKults  due  to  their  own  internal  and  inherent  attractive  (and  possi- 
bly inherent  repellant)  molecuhu*  forces,  it  at  once  follows  that,  as 
rtreivers  and  transmitters  of  heat  energ}'  to  external  bodies,  they  will 
be  alike  and  subject  to  the  same  laws.  No  interchtuige  of  energy  exter- 
nally, such  Jis  results  in  the  closer  approximation  of  the  ])articles  of  one 
}M>rtion  of  a  vapor,  in  consc(juence  of  its  surrender  of  energy  to  other 
molecules,  can  aflect  the  action  of  the  mius*^,  ju<  a  whole,  upon  luHlies 
external  to  itself. 

Anotiier  statement,  e([ually  simple,  may  s<'rve : — A  given  cpiantity  of 
heat  entering  an  engine  and  doing  work  therein — what^'ver  the  amount 
and  whatever  the  conditions — that  qnantitr  of  heat  energy  ha.s,  initially, 
a  measure  J//(,  in  whicli  M  nu>a.sinTs  the  fptantity  of  matter,  /.  r.,  tlie 
mass  of  till!  working  substance,  and  k  Is  the  virtual  head  which,  mul- 
tiplied iut<»  J/,  gives  a  pnKluet  equal  to  the  total  initial  energy.  All 
subse<|uent  changes  which  attend  the  (vperation  of  the  engine  are  due 
to  variations  in  the  value  of  A ;  since  they  are  all  due  either  to  change** 
of  moUvidar  velo<;ities  with  changing  tempej'ature  or  to  (ihanges  of 
molci'ular  distances  due  to  mo<liHcation  of  repellant  forces  an<l  changes 
in  the  total  <|uantity  of  heat  presetit  in  the  expanding  or  contracting 
ma.s-. 

Throughout  every  opemtion,  the  value  of  J/  remains  constant  and 
mutit  s<»  remain  jt^  long  jis  the  law  of  the  persistence  (►f  matter  con- 
tirnies.      If  then,  the  mass  remains  constant,  it  is  a  matter  of  indiiler- 


May.  1S7*J.]  Thurdon — Heat  JKnc/ives.  291 

*'nvt,  so  far  a.'^  any  thenutM,lynainic  action  i^  concerned,  what  kind  of 
matter  has  jriven  tlie  vahic  If.  This  beino-  the  case,  it  is  a  matter  of 
indifference,  in  any  tliernuHlynamic  problem,  what  working  substance 
is  use<l  or  assumed  ;  every  princi})k'  applies  equally  well  whether  the 
heat  engine  be  a  perfect  gas  engine,  or  a  steam,  or  other  vapor  engine. 

Proposition  A — ''  It  is  impossible  for  any  hejit  engine  to  perform 
work  by  the  expansion  and  contraction  of  the  volume  of  its  working 
substance  without  rejecting  lieat " — is  correct  under  all  attainable  condi- 
tions, so  far  as  is  yet  kno\ni,  and  every  such  engine  must  reject  heat. 

Tlie  proposition,  altliough  correct,  when  rendered  properly  specific 
jis  intended,  is  if  unqualified,  not  ordy  not  })roven  by  the  reiusoning 
adopt<Ml,  but  may  be  disproved  l)v  the  simie  general  metluxl  and  using 
the  sjime  quantities. 

Thus :  let  the  engine  A*  be  (h'i\cn  backward  I)y  S,  as  suggested  in 
the  JoUENAL,  p.  154,  the  latter,  however,  acting  under  those  con- 
ditions which  admittedly  imply  rejection  of  heat,  we  then  have  : 

"'.  =  '/  ( Qr  -  Qo)  and   W\  =  J{Q\  -    Q\) ; 
then.  Q,  -   Qo  =  Q\  -  Q\, 

and  if  the  two  engines  take  in  heat  at  the  same  tempeniture,  it  follows 
that  the  engine  /S',  by  exertijig  a  certain  quantity  of  energy  between  the 
initial  temj)erature  t  and  a  lower  temperature  t^,  may  convey  an  e(|uiv- 
alent  amount  of  heat  from  the  grade  t^  to  a  higher  temperature  t^.  The 
point  here  overlooked  is  the  fi\ct  that  Q^^  >  Q^^. 

Now  suppose  that  »S'  work^  down  to  absolute  zero,  and  thus  avoid  the 
reiection  of  heal,  we  have,  ajs  in  the  original  : 

J{Q.~  Qo)  =  J{Q:  -  a')  =  ./  Q\,  and 

and  it  follows — since  'S  certainly  does  not  now  reject  heat,  for  none  is 
left  U^  reject — that  the  second  principle  assumed  is  false,  as  well  as  that 
it  is  possible  for  a  heat  engine  to  perform  w(»rk  without  rejecting  heat. 
The  true  conclusion  is  obviously  that  (ynlij  under  cerUdn  canditioih'i, 
ichich  tee  cannot  noic  hcc  any  irai/of  sccnrinf/,  can  a  heat  engine  do  ivork 
without  rejedion  of  heat. 

Proposition  A,  to  l>e  correct,  requires  this  limitation,  and  the  second 
a.ssumed  principle  is  as  evidently  defective  in  not  being  sufficiently 
specific.  This  latter  fact  has  been  fully  recognized  by  Maxwell,  Tait 
and  other  writers.  As  put  by  Clausius,  '*  heat  cannot,  of  itself,  pass  from  a 
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colder  to  a  warmer  body,  "  it  is  suftii'iently  and  ohviously  ri^lit  and  i.s 
analajjous  tt>  the  statement,  ''Water  cannot,  unaided,  How  u])ward." 

Thom])son's  statement,  "  It  is  impo.ssible,  by  moans  of  inanimat*^ 
material  agency,  to  derive  mechanical  effect  from  any  portion  of  matter 
by  coolinjj  it  below  the  temj)eratnr('  of  the  coldest  of  tlu;  surrounding; 
(»i)jects  "  is  anala<:;ous  logically,  not  i)hysically,  to  the  ."Statement  that 
"  no  machine  can,  of  itself,  cau.se  water  to  flow  u|)waril."  In  either 
ease,  the  desiral  effect  can  be  actually  |)rodueed  only,  so  far  as  we  now 
know,  l)y  the  sacrifice  of  some  }>art  of  an  ori»;inal  stock  of  enerj^y. 
Clerk-Maxwell,  it  is  true,  luus  suj'jge.'^ted  in  his  .so-called  "demon 
hypothesis,"  how  it  is  at  least  conceivable  that  woik  might  be  done  by 
cooling  anv  m;u<s  of  elastic  gas  or  va|)or  below  the  temperature  of  sur- 
rounding bodies,  and  the  writer  has  suggested  a  singular  and  e(|ually 
conceivable  "physical  po.^sibility "  by  which  the  same  result  is  r(>ach«fl; 
liut  l)oth  are  equally  impracticable. 

It  is  readily  seen  why  it  has  been  difficult  to  frame  a  correct  enun- 
ciation of  the  princij)le.  It  is  one  of  tho.-^e  facts  which  come  of  natural 
conditions  which  can  be  learned,  and  limitations  deteete<l,  only  by 
experiiucut,  or  by  mathematical  dctluction  from  experimentally  proven 
laws,  based  in  turn  on  facts  shown  by  experiment  or  by  ob.-;ervation  ; 
it  is  not  a  general  law  in  the  same  sense  >vith  the  "  first  law  "  of  ther- 
rucxlvnamics.  We  can  only  assert  that  it  is  correct  imdcr  all  condition^ 
which  seem  to  us  attainable,  and  that  the  residts  ai-e  then  practically 
the  same  Jis  if  it  were  an  absolute  and  mathematically  accurate  general 

[»rinci])Ic.  jnidl  bri'jv'  inot  >:  zjitiyjiil   'i')lr;.(i       ' 

It  may  be  .><ceu  that  the  efficiency  of  an  actual  engine  is  de])end- 
ent,  not  onlv  upon  the  range  of  temperature  adopted,  but  al.so  upon  the 
method  of  disposing  of  heat  njected.  ( )ur  theory  assumes  the  absoliitr 
imp<»ssibilitv  of  avoiding  rejection  of  heat  or  of  exchanging  that  of  low 
for  that  of  high  grade,  or  for  available  natural  energy  of  any  other 
kind. 

The  whole  matter  is  briefly  and  well.>^mnmed  up  by 'J  ait,  who  says;* 
'*  therefon',  no  Jar  a-K  r.vpcri)iu'nf  (/0(is,  (tnd  practical  application  f/oC'S^* 
(the  italics  are  intnKlucod  by  the  writer),  "we  may  take  this  improved 
form  of  ('arnot's  demon.stration  as  l)eing  ab.solutely  decisive  of  the 
ini|iortant  result  that  no  heat  engine  can  be  more  jn'rlect  than  a  rever- 
We  cannot  say  what  ex|)eriment  may  reveal  in  the  future. 


silile  on(^ 
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or  what  pnictical  iijjplications  iiuiy  follow.  We  can  only  a.s-<crt  that  it, 
1<j-day,  seems  impossible  to  do  work  by  the  expenditure  of  heat  energy 
without  wa.ste  by  rejection  of  eneriry  from  the  system  a.-^  a  wliole,  and 
tliat  it  is  not  known  to  this  day  whether  or  not  we  must  go  on  througli- 
oiit  the  life  of  the  race,  or  until  all  mankind  is  driven  into  the  tropics 
l)y  tlie  exhaustion  of  our  fuel  su])plies,  wasting  a  large  percentage  of 
iill  the  heat  energy  now  treasured  up  in  our  coal  fields. 

The  facts  and  premises  and  the  logical  argument  which  would  best 
Kuit  the  majority  of  readers  perhaj)S,  reads  thus  : — 

1.  AVe  know,  at  j)resent,  no  other  way  of  making  heat  energy  avail- 
3ible  in  engines  than  through  changes  in  volume  and  density  <tf  masses 
pervaded  by  it. 

2.  AVe  kncnv,  at  ])resent,  no  jtracticablc  way  of  discharging  heat  from 
the  working  substance  of  a  heat  engine  exce])t  by  ])resenting  to  it  a  mass 
At  lower  tem])erature. 

3.  AVe  know,  at  ])resent,  no  way  of  compressing  a  mass  of  matter 
■iv^ntaining  heat — that  heat  not  being  removed  from  the  mass — without 
the  pr(Kluction  of  an  additional  amount  of  heat  precisely  equal  to  that 
which  disappears  in  the  opposite  e(jual  change  of  expansion.* 

4.  "Heat  will  not,  of  itself,  pass  from  a  colder  to  a  warmer  body." 

5.  No  way  is  known,  at  }iresent,  of  wi»rking  an  ex])anding  body  in 
iiny  heat  engine  down  to  the  absolute  zero  of  temperature — and  thus  of 
•<lepriving  it  of  all  heat  energy — or  of  approximating  to  that  state. 

6.  All  lieat  engines  are  worked  in  the  [)rcscnce  of  and  surrounded 
)ty  matter  having  a  temperature  several  hundred  degrees  above  abso- 
lute zero,  which  thus  presents  to  the  working  fluids  of  such  engines  a 
kind  of  "  .*<ea-level  "  of  hejit  energy. 

Now,  in  ever^'  such  engine,  the  working  substance  having  driven 
the  piston  to  the  end  of  its  stroke  and  thus  having  attained  to  a  max- 
imum as  t()  volume,  and  to  a  minimum  as  to  contained  heat  energy,  it 
must  either  be  rejected  from  the  cylinder  or  must  be  restored  to  its 
Initial  and  miniinuiu  vulinae. 

But,  as  just  shown,  the  one  operation  compels  its  expulsion  with  all 
jt>  heat  contents,  against  the  extnuieous  ])ressure  due  to  the  presence  in 
the  resisting  fluid  of  heat  energy  at  or  above  the  "  sea-level  "  of  tenj- 


"  It  it^,  liO\V(.'V«.r  iKissililc,  ;i.-  sliowii  by  .If)ule,  for^  change  of  volume  to  occur  with- 
•MUt  transfer  of  heat.  Work  uuisi  he  tlonc  to  cause  change  in  total  amount  of  heat 
energy. 
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fK'nituir,  while  the  otlier  aetioJi  eaii  only  oeeiir  hv  eojniHVssion,  with 

alvstraetion  l)v  surronndiiijT  Ixxljes  of  all  heat  dno  to  sueh  roHuotion  ot' 

voliniic. 

Hence,  in  all  heal   engines,  so  lar  a>  we  now  know,  there   nuist  Ik-  a 

rej(rtion  of  uinitili/ed  energy  from  the  working  eyliiuler,  the  proportion 

of  initial    heat   to  that  tlias  lost  being  ctete'^mih6d  bV'the  i\orking 

ti'injK-ratnres  adopted,  and  the  ahsolnte  anioinit  of  waste  per  ponnd  of" 

working  snbstanee  being  determined  by  its  physical  properties  and  the 

distance   of    the    absolute    zero    l)elow    miiiiniitm    working    level    of 

tem|)eratnre. 

— uuiu — iJ — bnw  Oi — iinii 

PESTS  OF  A  BAT.DWtX  LO(X)M()TrVE. 


By  .John  \V.  Hill,  M.  K,  ,  ,  ,  . 

Nfi'inlHM-  AmoricMn  Sorietv  of  Civil  KiifjineeiN.    ' 

'(■....lin.u.l  IrnMi  Vdr.'H-n','p^i^fe''2'?"^-)"' 

In  the  following  tal)l(^  the  diagranis  have  lK>(^n  worked  in  paii-s  for 
e<urh  engine  (right  and  left),  ari^'jirci^iyeii  Sr'i^h  the  boiler  i>res*lii''e,  rtvt)-^ 
hitions,  and  the  track,  for  each  sei-ies  of /•lirds:'  The  series  are  hninber«'<i 
from  1  to  40,  Cincinnati  to  Hamilton;  from  1  to  "20,  Hamilton  io  Twin 
CVwk,  and  from  1  to'^i;'Twih  Ci^cibli'WDtijtirri.'-  "=  '*" 

in  column  1  is  given  the  order  in  wiiich  (he  ditigninis  were  taken  ;  x»\- 
nmn  2  gives  the  pressure  in  the  boiler  taken  simultaneously  with  the  dia- 
grams ;  cohnnn  o  contains  the  rev()hiti6'ns  coiTesponding  with  each  .series 
of  diagrams.  A.s  already  explained,  theengine  counter  tailed  after  ru  miing 
a  shortdistance,an<l  the  revolutions  areVknluced  from  the  observed  time  in 
rurun'ng  between  tixed  stations.  This  metho<l,  although  not  as  desira- 
ble as  an  actual  reeonl  of' <he  M'^OfWitioiti^  by  sJ)ee^r6:>hWta',  \vas  th 
only  means  %  which  the  speed  eonld'be  not»<d  af'ter  fh('>  ei\iiiite'l*  broke 
and  ctumot  be  in  error  sufHciently  to  attect  the  linal  results.  The  dis- 
tances lx'twe(!ns^tiohs(of  wlm^hihbiJe  \\(iVQ^iitj,^-h\yi  in  a  run  of  fifty- 
nine  miles)  were  earefldly  measured,  after  the  feats','"'''  ^''**  ^i"^"-*  '" 
running  from  one  station  to  the  next  was  noted  to  s(^coiids,  and  by  the- 
observer  enteriKi  in  his  note  liook. 

Cohnnns  4  and  12  contain  the  initial  pri'ssures  avci-.iged  for  each  pair 
of  cards.  This  is  the  pressure  at  commencement  of  strok(!  and,  as  will 
Ik-  observ(!<l,  is  approximately  the  same  tor  both  engines  during  each  of 
the  three  riuis.    ( "olunms  o  and  l''  eonfain   ilie  <'ut-otf«^  in  fraction-,  of 
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stroke  lucusured  on  tlu-  (.-urds.  The  entire  valve  inotitui  is  earlirst  tor 
the  right  engine,  altliough  hy  fcliev  marks  on  the  the  gnide  l)ar.s,  the 
valve  motions  were  alike  for  both  engines.  Colnnins  (iand  14  contain 
the  fradiojis  of  ..stroke  to  release,  (.'glunins  7  and  15  contain  the  ter- 
minal pressnres,  or  pressure-"^  at  time  exhaust  (tpens.  (All  pressures  are 
measured  from  the  atmosphere.)  Cohunns  8  and  1(J  contain  the  coun- 
ter ])ressures  at  mid-stroke.  The  (jif'eet  of  sj)eed  and  terminal  pressure 
on  the  back  pressure  will  be  ap])arent  upon  com|)arisori  of  the  values 
in  these  colunni.s  with  the, ,<;orrespondijig  values  in  columns  3-7  and  15. 
Columns  9  and  17  contain  tlie  fractions  of  stroke,  estimated  from  zero 
to  exhaust  closure.  Columns  10  and  18  contain  the  mean  effective 
pressure  |K'r  square  inch  of  ])iston  during  stroke  (forward  aiitl  back). 
Columns  11  and  29  contain  the  indicated  horse-j)ower  for  eacii  j)air  of 
diagrams.  The  extreme,  variableness  of  the  resistance  under  different 
conditions  of  s])eed  and  ti*aek  are  appareiit  from  tlie.se  values  and  the 
values  in  column  20  (whei*e  the  aggregate  indicated  power  is  given). 
For  diagrams  .■>9,  run  from  Cineijinati  to  Hamilton,  the  aggregate  indi- 
cated resi.stance,  including  friction  |(jifthp  ^''^Jp^^^'f^  i"  **'^  jxu"ts  and  extra 
friction  due  to  loacl,,  vv4«^^3(ji';(:j4lp.,.,H|^t^..^\i,^j^.ti^i^^|ti^e,  ei.ig^^^^^  run- 

ning "  throttled  "  and  "cut  |)a(,'k  !'  at  less  than  seventy-nine  revolutions 
{X'r  minute,  whilst  in  <liiigrams  32,  with  an  average  cut-oif  "58  of  stroke 
and  open  throttle  at  208*33,  viieY0flu,tip4»Sj  jD|e;;  i *n j^,ut;^,  jth^^  QUgiiies  \v;ere 
developing,  in  the  aggregate,  72<)  horse-])owcr,  a  mean  of  303  hoi'se- 
jM^wer  per  engine.  .In  cMluniuj^l,  is  given  the  conditions  of  the  track, 
curve  ortangcnt^  gmf|^,|[i,p.jO^\^d(^j\^'i^;j,^(jflection  of  cui\-c,  angle  at  centre 
and  ratio  of  grade. .  ,^j„j,^,,,  ^^j-,^^,^  ^^j,  ,-,g„|,,f,j-,.,  .,j,^,,  ,,„^,,^:^  .^, , 

As  suggested  eiirly  in  itheiieviiew  of  the  test,  tl^  , engines  were  j)re- 
cisely  alike,  except  the  piston-rod  of  left  engine  was  •0(125  in.  in 
excess  of  standard  diameter,  otherwise  the  engines  did  not  differ  ii> 
mea.sured  dimensions;  and  without  data  to  the  contrary  it  would  be 
rea.sonabl(!  to  expect  the  eny-ines  to  do  euual  amounts  of  work.  A  care- 
ful  examination  of  : the.,, tabJe,,Q^^  jjiag|*anip[>,'^i^  .shp\y  that^,  .w^^J^ 5*  f^.w , 
exce[)tions,  probably  due  to  delay  in  taking  the  diagrams  from  op])osite 
sides  of  the  locomotive,  the  left  (Miginc  was  constantly  earning  the 
lieaviest  load.  In  this  engine  the  \al\e  functions  af'e  alj  tardy  as  com- 
pared Nvith  the  opj)osit(!  side;  but  this  alone  is  not  sufficient  to  acc.«>unt 
for  the  discrepancy  in  the  loads.  According  to  the  I)ePajjd>our  law 
"  the  mean  pressure  on  the  piston  is  equivalent  to  the  resistance  "  and 
any  attemj)t  to  estimate  the  resistance  from  an  indicator  diagram  assumes 
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tin-  (•onvctiic'ss  of  tliis  law.  If  tlie  .-^toain  |)i|Ks  braiu-liiiig-  to  tlic  cylin- 
<k'rs  were  of  uncnjual  area  in  cros.^  .>>:iK'tioii,  thou  the  effect  would  he 
:i[>preciate(l  hy  a  rcductd  initial  pressure  in  theeylinder  su])|)lie<l  hv  tlie 
least  ])il)e,  and  this  woulil  appear  to  be  the  ease  in  the  run  from  Cin- 
<iiuiati  to  Plaiuiltou,  but  iu  the  runs  from  Hamilton  to  Twin  Creek 
and  from  Twin  Creek  to  Dayton  the  initial  pressures  ditfeM-  very  slij^htly. 

With  e(pial  initial  jn-essures  and  equal  funetions  of  valves,  the  mean 
dia»ri"ains  shouUl  estimate  alike,  and  in  a  eouj>led  enjiine,  when  the  load 
for  a  iriven  interval  of  time  is  reprenented  by  a  constant  statical  moment, 
<'ach  cnoine  at  two  points  in  every  revolution  of  the  craidcs  nuist  l)e 
<apab]c  of  movino-  the  load  unaided  by  the  opposite  euiiinc.  Then  by 
applvinu  the  De  Panibour  law  to  the  problem,  the  mean  pressure  at  the 
two  points  of  crank  should  be  e(jual  for  equal  radii  of  craid<s  and  oj)po- 
site  enii'iues.  It'  the  pistons  work  on  eranksat  (juarters,  then  the  points 
at  which  one  engine  must  be  ea])able  of  moving  the  load  at  mean  s|)eed 
are  90°  and  270°  in  the  revolution  of  the  respective  cranks. 

In  a  locomotive,  when  the  axes  of  eylindei>  are  in  the  same  ])lane 
as  the  axis  t)f  drivel's,  then  these  points  would  rejiresent  a  position  of 
piston  in  excess  of  half  stroke  for  the  back  motion,  and  less  than  half 
stroke  for  the  forward  motion,  and  th(^  pressures  at  these  two  points 
refen-cd  to  etlective  areas  of  j)iston  should  be  alike. 

Again,  if  the  resistance  to  tlu-  moti<»n  of  the  engine  be  a  constant 
quantitv,  then  the  mi-an  elective  pressure  for  total  stroke  into  the  mean 
crank  arm  (both  ci'aid<s  considered)  should  e<pial  the  pressiu-e  on  the 
crank  j>in  at  9()-  and  270°  into  the  liiinimuni  crank  arm. 

Till',  maxinnun  crank  for  a  pair  <»f  engines  cou|)led  at  (piaiti'rs  would 
be  1-414,  till!  actual  radius  of  crank,  and  would  exist  when  (he  cranks 
were  respectively  at  angles  of  45°  and  2.'}o°  from  the  centre  line,  and 
(he  miiiimnm  cnudv  arm  would  exist  when  on(!  pin  was  at  0°  or  180° 
and  the  other  at  90°  or  270°,  and  the  mean  ci-ank  arm  would  be 

=  1-207  times  the  actual  radius  of  crank. 
2     I  luo'i/irtoyi(io(i(>'>')'»il1'*<n  0;in>.i;ni  ,Mjiir!ii:  Mil  tojf 

in  brief,  the  maximum  craidx  arm  for  an  engine  working  singly  is 
(he  mininiiMii  crank  arm  for  a  pair  of  engines  coupled  at  (piart(!rs,  and 
as  the  force  ap|)lied  to  the  mininnini  crank  arm  nujst  be  ca|)abl(!  of 
moving  the  load  at  nu-an  speed,  it  follows  (ha(  this  force  in(o  the  mini- 
mum crank  arm  should  e(|U.d  the  mean  |u-es,<nn'  into  the  mcnn  crank 
iirm  (for, both  engines). 

It  has  been  sugge.sted  that  the  force  on  the  niinimuni  crank  arm  into 
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the  length  of  the  ana,  iiuiy  be  more  or  les.<  tliun  the  mean  force  for 
wliole  stroke  into  the  mean  orank  arm,  and  tliat  the  momentum  of  the 
♦engine  will  be  increasetl  or  diminishecl  accordingly  as  the  moment  of 
the  force  into  the  minimum  r-niiik  arm  is  greater  or  less  than  the 
moment  of  resistance. 

An  engine  operating  under  the  conditions  first  named,  would  move 
forward  without  acceleration  or  retardation  of  speed  so  long  as  the  cut- 
■otf,  Ijoiler  pressure,  and  resi.^tance  was  uniform.  Whilst  under  the  second 
conditions,  the  engine  would  mt>ve  forward  by  successixe  impulses,  and 
the  motion  would  be  accelerated  or  retarded  as  the  pressure  int<»  mini- 
mum cranU  arm  was  grealer  or  less  than  the  mean  j>ressiu'e  iiit«i  mean 
•auk  arm. 


In  the  (Muidensed  tables  of  engine  performance,  the  averages  of  the 
table  of  diagrams  ai*e  given,  together  with  the  duration  of  run,  miles  run, 
miles  per  hour  and  distribution  of  the  load,    i  tnu  m    •.'  L  iu 

The  friction  of  engine  in  all  its  parts  was  determined  upon  the  return 
irom  Dayton  tct  Cincinnati;  the  car,  containing  the  observers  and 
invited  guests,  l)eing  detache<^^l  and  the  engine  running  at  average  speed, 
while  friction  cards  w^ere  taken,  as  rapidiv  as  the  indicators  could  he 
worked,  from  both  ends  ol' each  cylinder. 

The  power  absorbed  by  the  engine  in  overcoming  frictioiial  resistance 
is  ba.'^ed  upon  the  average  of  mean  effective  pressui'cs  frnm  the  friction 
•<liagraras  and  the  spee<l  for  each  run. 

The  extra  friction  due  to  load  has  been  estimated  at  //r'  per  cent,  of 
grOvSS  load  :  the  power  expended  in  moving  the  train  is  the  ditterencx' 
U^tween  the  inditrjitcd  horse-})ower  and  power  absorbed  by  friction. 

In  deterniining  the  cost  of  the  ]K»wer,  the  engines  were  charged  with 
tiie  total  water  [mmped  into  the  boiler.  Some  exce|»tioii  may  be  taken 
t'l  this  metlnxl  of  estimating  the  economy  <»f  performance,  but  while,  for 
purposes  (»f  investigation,  it  is  pr«jj)er  to  separate  the  i»erformauce  of  the 
boiler  from  that  of  thcengine,  in  actual  use  the  economy  of  the  one  is  largely 
<lependeut  upon  the  other.  The  econ<)mv  of  the  boiler  might  be  excellent, 
whilst  the  desig)i  of  the  engines  watj  such  as  to  obliterate  the  efficiency  of 
boiler  and  render  tlie efficiently  of  the  whole  medifxre  or  poor,  and  con- 
vergely,  a  goo<l  dt^ign  of  engine  may  be  i)rejudice(l  by  the  iiderior  duty  of 
the  boiler.  Of  the  total  cjuantitv-  of  feed  ])umpcd  into  the  boiler  a  portion 
went  into  the  dry  pij)eas  water  entnuned,  a  portion  was  lost  by  frequent 
blowing  of  the  sjdetv-valve,  arxl  still  another  portion  was  lost  bv  the 
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whistle.  In  julditioii  to  those  losses,  the(h-:iiii-ro<'l<sot'  the  cylindcivs  were 
octatsionally  o])ene(l,  and  a  small  <jnantity  ol'  steam  was  wa-ted  in  the 
attempt  to  make  ealoi'imeter  observations.  TaUini;"  the  diU'erencv 
U'tween  the  water  ])Mmj)ed  into  boiler  and  stet^ni  <lelivered  to  the  engines 
at  seven  \niv  cent,  of  the  total  <iuantity,  tlien  of  tills  <iuantity  hut  ninety- 
three  j)er  cent,  was  ])ro))erly  chargeable  to  the  engine. 

The  per  centage  of  steam  ac<'ounte<l  for  bv  the  indicator  l)e<'onie.s 

•9:} 

for  the  rnn  from  Cincinnati  to  Hamilton  ; 

'''III  =  S.-31 
•93 

for  the  run  from  Hamilton  to  Twin  Creek;  and 

•93 

for  the  run  from  'I'win  Creek  to  Dayton;  and  the  actu:d  sti'am  per 
indicated  horse-])ower  |)er  hour,  ix'came  for  the  thret^  indejundent  runs 
30*02  |)ounds,  31  "Oo  })oinids  and  29.72  j»ounds,  respect i\('ly. 

.V  1(1  in.  non-<'ondensing  Harris-Corliss  engine,  working  at  5(X)'^ 
piston  spec<l,  initial  j)res,sure  of  100  pounds  above  atmosphere  an<l  cut- 
ting otl' at  j-y  of  stroke,  would  rcipiirc  about  2r.')  jxtunds  of  water  per 
indiwiteil  horse-power  per  hoiii-. 

rt  has  been  suggested  by  an  eminent  English  engiue<'r,  that  of  the 
total  power  develo))ed  by  a  locomotive,  25  j)er  cent,  was  al)sorl)ed  by 
the  engine  itself  in  overcoming  friction  and  working  the  j)umj)s.  The 
[)unijvs  were  on  during  tlie  run  for  friction  diagrams,  an»l  the  power 
expendcHl  in  this  direction  is  einbracc<l  in  the  scn-ond  fjuantity  under  tlie 
distribution  <»t  the  load. 

During  the  run  from  ( 'incinnati  to  Hamilton  the  mean  indicated 
load  on  the  IcM-omotive  was  291"9")S  hoi-se-])owci-,  and  the  mean  t4)tal 
friction  load  33,-.;<S 4  ]2'92i>  =  4<)*313,  horse-powei-,  and  the  pen^^it- 
age  of  total  power  al»so!-bed  l)v  tin-  enuine  itself  in  overcoming  all 
resistances  becomes 

U)-31;5         100        ,-  ^,. 
291-95H 

During  the  run  trom  Hamilton  to  Twin  Creek,  the  nu'an  indiait^Ml 
load  wiLs  3(j<S()5.S  hoi-se-powcr,  and  the  total  friction  load  was  57^632 
horse-power,  and  pen-entage  of  totiil  power  absorbed  by  the  «'ngine  in 
overcominLr  all  remittances  becomes 
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57-632  X   100  _  -^5.(33 
368-658 

Duriuo-  the  run  from  Twin  Creek  to  Davton,  the  mean  indicated 
load  was  388*502  hoi-sc-power,  and  the  total  friction  load  was  61-48T 
horse-power,  and  the  percentage  of  total  power  absori)ed  by  fri(!tional 
and  ])ump  resistances  l)ecomes 

61-487  X  100         1-.^., 
388-502     • 
or  an  average  of  15-77   per  cent,   of  the   totid   indicatiii  power  wa.-> 
expende<i  in  overcoming  the  friction  of  the  engine  in  all  its  parts,  extra 
friction  due  to  loa<i  and  in  working  the  puni[)s. 

In  presenting  the  east  of  the  power  in  nml,  it  is  pro[)er  to  remark 
that  the  coal  burned  during  this  trial  was  Pittsburgh  No.  2,  screened 
and  picke«l,  and  is  supi)o>ed  to  represent  the  best  bituminous  coal  avail- 
able in  this  part  of  the  country  (^Cincinnati).  P^stimating  the  co.st  upon 
the  basis  of  the  actual  coal  burned,  is  prejudicial  to  the  engines  to  the 
extent  of  unconsumcd  coal  blown  out  of  the  stiu-k,  and  of  failure  in  th*.'^ 
lx)iler  to  furnish  a  standard  evaj)oration. 

Taking  the  economy  of  engines  as  represented  l)y  30-02,  31-05  ami 
29-72  pounds  of  steam  per  intlicate<J  hoi-se-power  j)er  hour,  or  an  aver- 
age of  30-26  pounds  for  whole  trial,  and  the  evaporation  per  pound  ot' 
coal  (Pittsburgh)  as  9  pounds,  then  the  cost  of  the  j)ower  becomes 

30-26      ..  ^p  . 

_ =3*3b  pounds. 

7 

It  will  be  remarke<l,  upon  examination  of  the  (•4>iiden>(Hl  tables  ot' 
j>erformanw  of  the  engines,  that  whilst  the  cost  of  the  ])ower  upon  an 
evaporation  of  nine  pounds  of  water  j)erj)ound  of  coal  isaj)proximat<.4y 
the  same  for  all  the  runs,  the  actual  cost  of  the  power  is  respec-tively  4-238, 
7-033  and  5*359  i)ounds  of  coal  per  indicated  horse-power  jki-  Ik  )ur.  The 
manifest  unfairness  of  estimating  the  economy  of  the  engines  upon  the 
C4)al  actually  burned,  could  not  be  l)etter  shown,  for  whilst  the  expeiLse 
of  steam  per  hour  per  hoi-se-power  \&  nearly  the  same  for  all  riuis,  the 
:u-tual  coal  burned  varies  from  27  per  c-ent.  excess  during  the  third  run 
to  nearly  ^^^  j)er  cent,  excess  during  second  run,  as  compared  with  the 
coal  bui-ned  per  horse-power  per  hour  during  tirst  run. 

.\ssuming  the  Baldwin  Locomotive  as  re[)resenting  the  l)est  Aincri<!au 
practice,  then  two  serious  defects  are  apparent  from  these  trials : 

Fii-st.  The  economy  of  boiler  should  l)e  improved  until  an  averag<' 
evaporation  is  had,  of  nine  ])ounds  of  steam  from  t(;m])(!nitin-i'  of  i'ffA 
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per  j)()Uii(l  of  ((lal.      This  evaporation  is   attaiiiahic  without  inipairino- 
the  .steaminjr  (nialities  of  the  boiler. 

Second.  The  valve  irear  t?honl(l  he  so  devised  as  to  produce  iull  port- 
"(JIKjninjj  for  all  cut-otls^  and  the  area  of  port-o})eiiiii^-  should  be  calcu- 
lated for  iiiaxinuim  piston  speed,  it  is  just  a.s  desirable  that  the  initial 
pressure  in  the  cylinih-rs  of  a  l<»coinotive  shall  approximate  boiler  pres- 
sure as  in  the  automatic  cut-off  cnuine,  and  this  result  also  is  attainable 
without  complicating  the  valve  i^ear  or  diminisliin<r  the  pronounc<Nl 
I'tticiency  of  the  engine. 

SiMMAitv  OF  Engine  Perform. \n(K, 
Citicinnati  to  Hamilton. 

July  28th,  1878. 
1  )uratron  of  run. 
Miles  run, 

"       run  per  hour,     . 
Meiin  rev()lutions  per  minute, 

"       piston  speed  each  engine,  . 

"       boiler  |)ressure, 

"  initial  pressure, 

"  cut-oif  in  parts  (»f  stroke, 

"  terminal  pressure, 

"  release  in  parts  of  stroke, 

"  counter  jiressure  at  mid  stroke, 

''  exhaust  closure  in  |)arts  of  stroke 

"  etlective  pressure, 
■(Jradc  of  expansion  including  clearance, 

lUSIIMIUTION    (»|-     IIIK    i-oah. 

indicated  horse-power. 

Power  absorbed  bv  engine  above  all    resistance 
( Jr<»ss  load, 

Kxtra  friction  due.  to  lo;id  ('Oo  of  gross  load), 
I'owcr  expended  in  moving  the  train, 

COST  OF   rnK  I'owKU. 
tStcam  per  hour  to  the  engines,  .  .  {)424M)() 

Piston  displacement  |>er  hour  to  release       .  28842-.31    2942")-5)2 


1   hour  J 

!ti  minutes. 

24-()950 

17-2290 

100-4730 

401-8920 

.            p.ls. 

122-0000 

Kijjlit  JOn^^lno. 

Ltft  Kn;,'iiio. 

|m1s.{»7-272 

99-812 

•506G 

-548tj 

"  42-547 

44-010 

•8f)i»r) 

-8879 

"     2- lot) 

2-()53 

•27;}(; 

-2160 

"  t;:i-447 

tiO-484 

2-124 

1-9(J1 

.\ii. 

(  141-782 

150-175 

1           2<l]- 

958 

:V.V 

:W4 

258- 

574 

12- 

929 

245-1 

()45 
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Piston  displacement  per  hour  to  exhaust  closure,  9075'41>  71o8'46 

Vohime  of  clearance  per  hour,  .  .  2520"98  2.518'72 

Weight  of  steam  accomited  for  to  release  per  hour,  4.353'214  4588*809 
"       "      ''     retained  by  cushion  per  hour     .     497-909     420-874 


\ 


"        "       ,'      l>y  diagrams  ( total ), 

Percentage  of  steam  accomited  for, 

Steam  per  indicated    horse-power  per   hour  by 

boiler,  .  . 

Stejim  per  indicated  horse-i)ower  per  hour   by 

diagrams,     .... 
Coal  per  indicated  horse-power  per  hour  actual 

evaporation, 
Coal  per  indicated  horse-power  per  hour  9  to  1, 
Relative  capacity  of  engines^ 
"        economy  of  engines, 

.Summary  of  Engine  Perfokmanck 

Hamilton  to  Twin  Creek. 

July  28th,  1878. 
Duration  of  run, 
Miles  run, 
Miles  per  hour, 
Mean  revolutions  per  minute, 

"      })iston  speed  each  engine,  . 

"      boiler  pressure, 

*'  initial       " 

"  cut-olf  in  parts  of  stroke, 

"  terminal  pressure, 

"  release  in  parts  of  stroke,, 

"  counter  i)ressure  at  mid  stn^ke, 

"  exhaast  closure  in  parts  of  stipke, 

"  effective  pressure. 
Grade  of  expansion,  including  clearance, 


:38.55-305  4161-935- 

8017-24 

85-068 

.32-2.^ 

27-46 

4-238 

3-586 

•9441        1-0000 

1-0000 

-9812 

DISTRIBUTION    OF   THE 

Indicjitetl  horse-power, 


4 

2  minutes. 

15- 

869 

22- 

670 

124-1790 

496- 

7160 

124-0000 

iipht  Engine. 
106-654 

Left  f^ngine. 

1 07-. ■33s 

•492S 

-5370 

43-204 

46-773 

•8669 

-8853 

5-495 

(5-353 

•2863 

-2229 

62^.')45 

6.r812 

2-1. S3 

2-004 

I.OAD. 


(179-603     189-0.35 
\  368-658 

Power  absorbed  by  engine  above  all  resistances,  41-2<.2 
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Groses  load,  ....  ;V27-3{)6 

Extni  friction  due  to  load  (-O.")  of  gros-^  load).  10'370 

power  ('xpcndcd  in  >i»oviii<r  the  train,  .  .'ni'()2() 

C"<)HT   OF   THE   i»OWKR. 
f!>teani  j>cr  liour  to  the  engines,  .  .  12;Ulil4 

Piston  <li.<i)la(vnicnt  {)er  hour  t< I  rcleiu^e,               35rjil-(KJ  3()2()l-8r) 

exhaust  cia«ufo,ll737-{l2  0r29-08 

Vohune  ..ft'leanince  per  hour,             .                   ..'JllO'SO  3113-00 

Weight  of  Htoum  accounted  for  to  releiusi  per  hour,  5427*37  M4\y  1 1 

"       retained  by  cushion        "       "         7oS-<)0  ()34-33 

,      ,.  I  4()0.S-3,S     5214-78 

"       »'.v  <l«agrams,  .  -^  ,^^^.^.^^. 

Per«-entage  of  steam  accounted  for  .  80'271 

Steam    per   in<li('ated    hi>rK'-power    p<'r    hour   by 

l>oiler.  .  .  •     rifoH  isif  •*'MiiniiT  ^^'^*'^''^' 

26-172       27-582 

St«ini    per    indicat<'<l    h(»rse-powcr  per  hour  by 

diagramt>,  .  •  .  26-87^ 

iJoal  j)er  iu<licat«'d  hoi-se-jwwer  i)cr  hour  by  actual 

evaporation,  .  .  .        -.^^       7-03.') 

Coal  j)er  indicated  hor«e-iH>wer  \n'v  hour  it  to  1.  3-711 

Relative  capacity  of  engines,       .  .  •JM34  1-()(KX> 

economy"        A',   ..,..,,   .       ,^.'..-1   >  ,,.,  •  POOOO  -9489 

Si  .MMARY  OF  Engine  Perpormanck. 

Tuun  Creek  to  Dayton. 
July  28th,  1878. 
Duration  of  run.  .  .  .  425  ininuteH. 

Milef^  run,  ....  16*2G7 

Mile«  \Miv  hour,  .  .  .  22.905 

Mciui  revolutions  per  minute,  .  133-25 

"     pibton  speed  each  engine,  .iqo-f  yllutfii^'^'*'^^^^ 

boiler  pressure,  .  •  •      123-00 

Kiglit  Kiif^iiU'.   I -oft  Engine 

"  initial       "                   .                  .  .     105.209  105-743 

"  cut-oir  in  parts  of  stroke.   .  .                    '5142  '5437 

"  terminal   prcKsure,     .                   .  .        42-199  45-180 

"  release  in  parts  of  stroke,  .                    '8558  -8874 

'*  counter  )>rcssure  at  mid  stroke,  .          5*720  0*040 
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Mean  exhaust  closure  in  parts  of  stroke,     .  •2985  '2067 

"     eflPective  yn-esMire,      ...  .       62.394       64-005 

<Tni<le  of  expansion  ineliuling  clearancCj  2092  1*979 

DISTljI^OTiaS   OF   THK    L(>A1). 

f  191-623     196-876 
Indieatetl  horse-power,       .  .  •  i  388-502 

Power  absorbed ixy  engine  ;ibove  all  resistances,  44-276 

Gross  load,  ,,^..^^v             .                 .                  •  344-226 

Extra  friction  due  to  load,            .                  .  17-211 

Power  expended  in  moving  the  train,                    .  32/ '01 5 

CaST   OF   THE    POWER. 

iSteara  ji^i' liour  to  the  engines,    .  .  '  12415-()9 

Piston  displacement  per  hour  to  relSease,  37648-70  39003.18 

"          "      exhaust  closure,  1291 1-60     9084-89 

Volume  of  clearance  per  hour.  .  .  334341     3340-33 

Weight  of  steam  accounted  for  to  release  per  hour,  5660  96     6138*47 

"      "     "       retained  bv  cushion  per  hour.         800-55       670*46 

..      ....       1      V  f     4860-41     5468*02 

by  diagrams,  .  ^  10324  43 

Percentage  of  steam  ac<'Ounte<l  for,                .  83'191 
St4^-am  per  indicate<l  horse-power  })er   hour    bv 

l>oilei*-i*^-.                 .                 .                 .  .      31-956 

Stejira  |KT  indicateil  ho^se-po^v€r  per  hour  bv  I  25*364       27*774 

diagrams,                      .                  .,                I  26-569 
•Coal  per  indicated  horse-]>ower  pei*  hour  by  actual 

evaporation,                  .                  .                  .  5*359 

Coal  per  indicate<l  horse-power  per  hour  9  to  1,  3-551 

Relative  capacity  of  engines,               .                  .  *9733       1  *0000 

"       cconomv  "         ''             .                  -  1*0000         -9132 

In  the  engrave<l  diagrams,  which  by  the  liberality  of  the  J>aldwin 
Locomotive  Works  are  made  a  ])art  of  this  j^apcr,  all  the  original  line?< 
have  l)een  faithfully  copie<l  by  Mr.  J.  Snowden  Bell,  who  reproduced 
the  cards  for  the  engraver :  and  have  been  selecte<l  with  a  view  to 
exhibiting  graphically  the  action  of  the  engines  under  test-trial.  The 
dijigrams  have  l>een  worked  together,  and  are  cards  of  the  same  series 
from  both  engines. 

The  diagrams  are  pnKluced  in  the  following  order: 
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Twin  (  'kkkk,  X<>.  1 


HoiltT  |»nssiirc. 
Initial 

('iit-<itt"  in  tVactitui  of  stroke, 
Kclrasc 

r»iinii)al  |)n's«im'o, 
( '< milter  " 

Ivxliaiist  elosiire. 
Mean  ellictive  pressure, 
luvolutiuns, 
I  M(lieate<l  ln»l*se-|nt\ver, 

IJniler  pressure, 
Initial         " 
Cnt-.tr, 
Keleas<.,        . 
renninal  pressure, 
(  'dunter  " 

lOxliailst  el(>snre,    . 
Mean  efleetive  pressure, 
|{ev(»lutions, 
I  (HJieated  JiorM'-pnwer, 


J.IL 


(  'INCINNA  11,  No.   21. 


I  »oiler  pressure, 

Initial 

( 'ut-otl'  in  f'raetiou  of  stroke, 

Kelease        - 
rerniinMJ  pressiu'e, 
(  ounter  " 

l']\liaus(  closure. 
Mean  elllctiNe  pressure, 
IJevolutions, 
I  ndieated  lioi*se- power, 

I  toiler  pre>sure. 
Initial 


hiL 


14()' 
1  :;;■)• 

•9075 
7!»-5(> 
I -12;") 
•11)82 
I  I  I-liHi 
.■)!. 
l.Kll.l? 

140- 

•7(XH) 
•in  40 
.S4^()M7 
•875 

•i:j,n 

1  \-2:Vli> 

i.:7-:;'.»i 


l:!(» 

1  •_':; 

•••575 

■5580 

■s!)(n 

.■)!>•  <J25 

1 

■75 

2450 

8i>l'27 

<>?• 

51 

1  II- 

470 

i.;o- 

121- 

1 25 
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Ciit-otf*  in  fraction  of  stroke,  .  .  *  '(i(X)0 

Kel('ii.se  "  "...  •!M)22 

Terminal  pressure,  .  .  .  .       ()2"125 

Counter  "  .  .  .  .  2-:U2 

Exhaast  closure,  ....  1824 

Mean  effective  pressure,  .  .  .  1)2-U55 

KcvdlutioMs,        .....        (j7'51 
indicated  liorsc-powcr,  .  .  .  149'()8'J 

CiNClxxATr,  No.  5. 

Ri<jht. 
Iloilcr  pressure, 

Initial       "  .  .  .  . 

( "nt-off  in  fraction  (»f"  stroke, 
Itelease  "  "  . 

Terminal  [)ressurc, 
Counter         ''  . 

Exhaust  closure. 
Mean  effective  pressure, 
Rev<»lnti()ns, 
Indicated  horse-posver, 

Lcfi. 
Boiler  pressure. 

Initial         ''.... 
('ut-<»ff  in  fraction  of  stroke, 
Release  " 

Terminal  [)ressure. 
Counter  ''  . 

Exhaust  elosure,  .  •  , 

Alean  effective  pressure, 

Kevolutions,        .... 
Indicated  horse-power, 

Cincinnati,  Xc  (>'. 

Rujhf. 
Ijoilcr  pressure,  .  .  .  .      12*J 

Initial        "  .  .  .  ,  112'375 

Cut-off  in  fraction  of  stroke,  .  .  .  v'io09 

Release  "  "  .  .  .  -8192 

Terminal  pressure,  .  .  .  ,       '.Vl'iM) 

WiK.j.K  No.  Vol.  CVII. — 'Tjuki^  ISekj^,  Vol.  Ixxvii.)  22 


i;J2- 

114:',75 

•4740 

•8:5<j2 

4a;375 

1-875 

•3304 

70-407 

120-02 

202  •891 

132^ 

115^G25 

•5000 

-8770 

17-937 

1-875 

•2275 

74^O04 

120-02 

213-290 
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CVtuiitor  jUH'ssiirc,        ....  2(>0"J 

Exhaust  closure,       '            .                    .                    .                    .  ''•Mi]\ 

Mcuin  t.'tlicti\f  |ircs<iii'«',                 .                   .                   .  52*5(M) 

K.-v(.luti..n>,       .....  lOOGJ* 

Iiulic:ite(l  IjDr.-^o-jJowtr,                  .                   .                   .  1.>-4*41M( 

Ltfi. 

Boiler  jnH'S'^ure,                     ....  Vl\)' 

Initial         "                 .                  .                  .                  .  112  ()2o 

Cut-off'  ill  fraction  of"  .>^trokc,                .                   .                   .  '.3880 

Release           '               "              .                  .                  .  -8448 

Terminal  |>rcs«.urc.               ....  ."{T'iMM) 

O.unter           "             .                   .                  .                  .  2-(MMi 

hxhaui^t  closure,                  .                  .                  .           '       .  •.{2().) 

Mean  cflcctivc  ]>re.'NSure,                 .                    .                    .  58*2«)8 

Kev<»liitioiis       .....  KKrOJ^ 

IiuliftitOil  lioisc-power.                  .                  .  ■         •      .  148-M77 

ilAMIl/rON,  ^o.  14.  ^      ^j 

BoiWr  pi'e.'i.sure,                   ....  135" 

Initial         "                 .                  .                                   .  122-.S44 
Cut-ofi'  in  fraction  of  .^trokc.               .                   .            .y^'^'''        .;^;^()t) 

Rel«u.e           ••                 "                .                  .         "•"^.•'^J  •81M2 

Terininal  preKsure,             ....  .33  062 

(  ount«'r           "             .                   .                   .          '        V*  10-8 <-■) 

Exhaust  <losun',            moi!   -'•)Mi-'<i  ■»  .jili  \o  dojaollo'j/*  \m  '3701 
Moan  ofteetivc  jirei^unj,                           olijn^fiqqf  • 
Rev<»lutioiis,       .... 

Iinlicat<'<l    lin|Vr-j»o\vcr. 


Ja'1(. 


lioilcr  |iixs.suiv, 

Initial       " 

(Jut-ofl'  in  fraction  of  stroke. 

ReleaHj  .";  -nxuvyyyj    • 

Terminal  pir'ssiir^jifi^jtH    . 

Counter  " 

Exhan.st  cloHure, 

Mejin  cfli'ctivc  |)rc.>-surc, 

Rcvolntion>. 

I  ii<li<-itc<l  li<tr-c-p(>wcr, 


46-927 

17021 

lS7-<;!>8 

I  ;}.r 

J  21  7.50 

•3880 

•8448 

37-200 

8-4.37 

•32<).5 

51  75.»4 

170-21 

211*485 
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C'lNCIXNATI,  No.  -io. 
Ri(,hL 


J3oilt'r  ])re.ssiire, 

Initial 

Cut-off  in  fVactioTi  (»t"  stroke, 

Release  " 

Terminal  pressure. 

Counter  " 

Exhaust  elosure, 

Mean  etfective  pressure, 

Revolutions, 

I ndieatcd  horse-j)o\v'er. 

Boiler  pressure. 

Initial 

Cut-oft' in  f"raeti(»n  of  stroke, 

Release  in       "          "     " 

Terminal  pressure, 

Counter         " 

Exliaust  closure, 

Mean  effective  pressure. 

Revolutions,     * 

I  IK  1  i  eatef  1  1 1  orse-po  we  r , 


,J.7,-.i 


^^A 


Lrft. 


,»'lUi*!y'i<i  ■* 


,j/io'iJ«  10  aoijojtii!  I 


98- 

79  812 
•:i309 
•HI  92 
20;312 
2  875 
•;J76l 
:32-420 
208-33 
162-170 

98- 

76-938 
•3880 
•8448 
21-375 
2-750 
3265 
fe-9:i6 
208-33 
169-597 


The  general  excellence  of  the  engines  from  which  tlu^e  diagrams 
were  taken  will  1^  apparent  to  engineers  familiar  with  the  indicator ; 
at  the  patiie  time  it  should  be  remembered  that  the  valves  were  set 
entirely  bv  the  marks  on  the  valve  stems  and  guide  bai-s. 

The  diagrams  would  be  eminentily  creditable  to  many  an  automatic 
cut-off  eiigine  wherein  the  admission  and  cut-off  are  controlled  by  one 
valve  or  system  of  valves,  and  tiie  release  and  exhaust  closure  regulated 
by  another  valve  or  system  of  valves,  as  in  the  Corliss  engine;  lus  it  is, 
a  single  D  slide  valve,  oj)erated  by  a  pair  of  eccentrics  and  a  shiftjing- 
link,  |>erformed  all  the  functions  of  lead,  })ort-opening,  cut-off,  release 
and  exhaust  closure. 

The  diagrams  are  worthy  of  study  and  emulation  by  builders  of  fixed 
cut-off  engines ;  for  the  locomotive  is  simply  a  fixed  cut-off  engine, 
variable  by  hand.  But  so  long  as  fixed  cut-off  engines  are  controlled 
in  s])eed  by  the  present  system  of  governor  whicli,  as  it  were,  throttles 
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the  engine   in  the  wcX   of  respiration,   l)uf   little   iniprovenient  ean  !>•■ 
expected  in  tlie  realized  etteet  of  valve  motion. 

The  ordinary  throttlini;-  «iovernor  is  a  nnisanee  that  shonid  not  Ix 
tolerated  hy  intelligent  steam  engine  huilders,  t^r  in  the  l)est  form  it 
robs  the  steam  of  fawnfi/  per  coif,  of  its  r/.s  rira  in  etteeting  regnlation, 
and  the  high  relative  eeonomy  of  the  standard  anlomatie  eut-otV  engine 
is  entirely  <hie  to  admitting  steam  at  or  near  the  boiler  pressnre  and 
cutting  oft"  the  ([uantity  recpiired  to  overcome  the  resistance,  instead  of 
wire  drawing  the  steam  until  the  mean  j)resstn'e  is  e«|ui\alent  to  the 
resistance  per  s([iiare  inch  of  piston. 

In  the  locomotive  engine,  whilst  the  connnnnication  betwi-en  the 
steam-dome  and  cylinder  is  not  as  free  with  early  points  of  cut-ott"  :ls 
in  till'  automatic  engine,  the  wire  drawing  is  very  nnich  less  than  in 
throttliuir  enjrines  ;  and  if  a  valve  «iear  be  devised  tor  lococomotives 
which  will  ])ro(hice  a  maxinuun  (tpening  of  steam  port  for  all  points 
of  cut-ofV;  then  for  ecpial  initial  |»i'essures  and  grades  of  expansion 
the  economv  of  the  locomotive  and  automatic  engines  (size  of  cylinder 
and  sj)eed  of  |)iston  considered)  would  apj)ro\imati'. 

For  a  given  speed,  given  load,  and  given  condition  of  track,  the 
resistance  is  represented  by  a  certain  mean  pressure  per  s(piare  inch  of 
piston  for  a  single  stroke  or  tor  any  nunil)ei"  of  strokes,  with  the 
elements  atlecting  the  resistance  unchanged  ;  and  a  nearer  a|)[»roxima- 
tionof  the  initial  pressure  in  the  cylinder  to  that  of  the  boiler,  reduced 
friction  in  the  port  opening  :is  the  steam  Hows  in,  steam  line  declining 
less  to  the  |)oint  of  cut-olV,  earlier  cut-ot!'  and  higher  gra<le  of  expan- 
sion, would  improve  the  economy  of  performance  of  the  locomotive 
without  impairing  its  efficiency  otherwise,  it  is  p<»ssible  to  do  all  this 
without  matei-iallv  altering  the  existing  valve  gear 


Imitation  Gold. — Messrs.  Maff're  &  Co.  make  an  alloy  which 
resend)les  gold  in  color  and  resistance  to  oxidation,  by  melting 
together  in  a  crucible  800  grannnes  of  pure  coi)j)er,  lio  grannnes  of 
platinum,  and  10  grannnes  of  tungstinie  acid.  When  thoroughly 
melted,  the  mass  is  granulated  by  letting  it  run  into  water  which  con- 
tains ')()()  grannnes  (ll'H-i  oz.)  slaked  lime,  and  500  grammes  of  potash 
jH^r  cubic  metre  (35*'32  cu.  ft.).  The  granulatc<l  alloy  is  dried,  re-melted 
and  170  grammes  ((>  oz.)  of  gold  ai'c  addetl  and  tli(tronghly  incorpo- 
nite<'. —  Fortsrii.  drr  Zcit.  C 


DiagRuns  Xo.  1.        Right  Engine.        Twin  Ci-eek  to  Da>ton.        Rev's,  5100. 


Diiigrams  Xii.  24.        Riglit  Eiigiiie,        (.■huiiinali  lo  Ilaiiiill.ni.        Rev's,  67-.51 


Diagrams  Xu.  -J.       Rigiit  Engine.       Cincinnati  to  Hamilton.       Bev's,  120-02. 


IHafframs  Xo.  1.         Lei  E&ra 


IMagiam.«  Xo.  ti.        Eight  Engine.        Cincinnati  to  Hamilton.        Rev's,  10GG9. 


Diag.■aul^  N.i.  H.       Right  Engiia-.       ilaiaill..u  I..  Twin  fivck.       Rev's,  170  21. 


Biagi-ams  Xo.  3.3.       Right  Engine.       CSuciiniali  lo  Hamilton.       Rev's,  20* 


LHagRlUfts  Xtx  b.         Lrtt  Fapiv- 


Diagrams  No.  1.         Left  Engii 


UiuKniins  X(i.  24.         Left  Engine.         Cincinnati  to  Hamilton.        Rev's,  ST'Sl. 


Diagrams  Xo.  -5.        Left  Engine.        Cincinnati  to  HarailtoD.       Rer's,  12tH)2. 


Dia^raiiK  Xo.  «.         Left  Engine.         Cincinnati  Uj  Hamilton.        Rev's,  106-( 


Diagranis  No.  14.       Left  Engine.       Hamilton  to  Twin  Cieek.       Rev's,  170-2L 


Diagrams  No.  35.       Left  Engine.       Cincinnati  to  Hamilton.       Ker's.  i!C>SS3. 
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OX  THE  DRR'IXG  POWER  OE  LEATHER  BELTS. 


By  J.  H.  CooPKR. 


In  tin-  JuUKXAi,  OF  THE  Eranklin  Institute  for  November, 
1878,  is  o-iven  a  translation  of  I^alxtnlo's  researdios  on  tlie  principle  of 
tlie  employment  of  bolts  for  transmitting  power. 

The  rules  and  tables  forming;  part  of  this  e&say  are  restricted  to  driv- 
ing belts  which  end)race  but  half  the  circumference  of  the  pulleys, 
and  for  this  reason  they  have  a  very  limited  api)lication  in  ]»ractice, 
\n  order,  therefore,  to  extend  the  usefulness  of  Laborde's  work  to  the 
(-alculations  of  belts  on  pulleys  of  unecpial  diameter,  which  comprise 
mucli  the  greater  number  of  cases,  the  "  observations"  of  Mr.  J.  Heil- 
raann  are  given  below,  a  manuscrij)t  copy  of  which  was  kindly  fur- 
nished to  the  writer  by  ^Nlr.  \\  Steinlcn,  of  Mulhouse. 

''  Observations  on  tlie  friction  of  Kelts  u{)on  the  snrface  of  pnlleys  and  npon  tlie  width 
to  j;ive  to  Belts  in  special  cases;  coinnmnicated  to  the  Industrial  Society  at  tlie  general 
Jiieetintr,  May  27tli,  IS.T),  by  ]V[r.  Paul  Heilinann.  former  stndent  of  the  Polytechnic 
School. 

"  At  the  general  meeting  of  the  society,  held  on  the  2i»th  of  May, 
ls;{:),  Mr.  Joshua  Heilmann  made  you,  in  the  name  of  the  Oommittee 
on  Mechanics,  a  rejiort  on  the  memoir  of  Mr.  I^abordc  concerning 
i\w  widtli  of  belts  for  transmission  of  power.  In  this  report  it  is 
demonstrated  that  the  table  of  Mr.  Laborde  camiot  be  applied  except 
to  the  especial  ctise  of  two  })ulUys  of  the  same  diameter,  and  conse- 
({uently  each  one  is  enveloped  half  of  its  ])eriphcrv. 

"The  inquiry  made  by  the  s<»cietv  in  its  department  proved  in  eifect 
that  for  stu'h  a  special  case  the  dimensions  indicated  by  the  table  are 
good  ;  l)ut  in  other  ca.ses,  and  thi^se  which  occin*  most  frecpiently,  the 
table  will  no  longer  answer. 

"  Having  occupied  myself  in  the  search  for  the  true  laws  relating  to 
this  theory,  as  yet  but  little  applied  in  the  arts,  and  believing  to  have 
K>lve<l  the  ([uestion,  I  arrived  at  the  conclusions  which  I  have  tlx' 
hon(»r  to  submit  to  the  society. 

"  Before  sj)eaking  of  the  width  of  the  belt  it  is  necessaiy  t<»  consider 
and  to  study  the  friction  of  the  belt  npon  the  surface  of  tlie  pulley; 
iind    to  find    the   true   ex})ression  of  this  friction  we    nmst    necessarily 
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<<)Osi<ler  the  ra.'^e  «>f  a  pnllev  invariably  fixed,  and  witli  the  belt  only 
uiovable  ;  then  admit  that  there  be  ai)i)lied  to  tlu'  belt  in  the  dire<-tioii 
of  ijfcs  axi.<  on  the  one  side  a  foroe  eqmtl  to  the  resistance  and  nn  the^ 
opposite  side  a  foree  equal  to  the  true  motive  power. 

^  Tn  this  manner  we  shall  have  the  t'rietion  at  the  cireumferencCy 
while  if"  we  liad  supposed  the  pulley  hlovable  on  its  axis,  the  i*esults 
would  only  have  ."^hown  the  friction  at  the  eenti*e,  arising  from  the 
pressure  of  the  belt  transmitted  to  tlie  pulley. 

''The  science  of  applied  mechanics  irive>!  the  fonnida  relating  to  this. 
subje<'t  :is  follows  :  Calling 

P,  the  resistance  to  be  overcome, 

e,  the  base  of  Xaperian  logiuMthms, 

f,  tlie  coefficient  of  friction  of  leather  uj)on  (-ast  iron. 
R,  the  radius  of  the  j>ulley, 

s  the  length  of  the  arc  of  colitoct, 

"  Thi.'^  formida  is  written  thus:      ,.,, ,.,,;[,     ' 

/   ^"'   '■{ 

Friction  =  /M  (c)       -    \\ 

"  In  consideriny:  this  fornnda  it  is  easv  to  see  that  the  friction  dinu'n- 
isliGs  rapidly  when  the  radius  jnoreiwes,  ai^  that  it  ai^ginents  rapidly 
with  the  leuijth  of   tlie  arc  of  contact,  \vhicJi.  explains  a  fa<tt  well 

^  .  ;    I  j;  (lO'pt  JUMi  li    lo  floiJ-irn  'Jflf  Jj;jn^,fi't(|]  ■>■>< 
known  in  practice.  •  •       .     i.  i*     *       .   . 

"But  it  is  to  be  noticed  that  the  ir^^tiof,^.,^,^  x^H^Ufjtant  (pianiity  ibr 

the  same  angle,  whatever  may  be  the  radius  of  the  pulley^  Ik^cjuisc  the 
•  irciunfercnces  and  consequently  th(>  arcs  of  a. «{une  number  of  degrees 
are  proportional  to  their  radii.  It  re;>ultP,  therefore,  that  the  friction  is- 
the  same  for  the  .><ame  angle  of  ctMitaet  vrhatpver  may  be  the  radius  of 
the  pull(!v;  or,  in  other  words,  that  the  length  of  the  ai'e  of  contact 
shotdd  be  prop()rtional  to  tlu'  radius  of  the  pulley  to  produce  the  same 
friction,  all  the  rest  being  ecpial.     A  result  of  grciit  simplicity. 

"  All  this  being  <'onsider(Hl,  we  see  that  the  laws  concirning  the  fric- 
tion of  curved  surfiu-es  ar<'  very  ditlci'ent  li'OHi  iIkki'  which  relate  to 
j>lane  surfaces.  i    ilfiv/  ^o'l 

"Thus  for  ])lane  .surfaces  the  ratio  of  friction  to  the  pressure  i>  «'on- 
.>-iant,  whatever  may  be  the  extent  of  the  surface,  while  with  the  cylin- 
drical surfac(!.s  of  which  we  s)>eak,  on  the  (lontniry,  the  r.itio  varies  not 
with    the   extent  <»f  the   surface,  but  with  the    proportional  part  of  the 
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eircumfereiK'c — ^vitll  tin;  minil)*'r  ot"  dejri't'os  coiuin'i^ed  in  rlu'  an-  <>t' 
routiU't. 

''It  is  easv  t<>  ac<'uiuit  tor  tliis  (liftereiK-c. 

"  A  plane  surtlux;  iiiidor  prerisare  is  increascil  in  .size,  tlic  elements 
of  surfaces  which  arc  added  are  all  alike,  and  what  is  more  im])ortant, 
are  all  eipially  pressed  over  the  entire  extent  of  the  surface,  each  inch 
s<|uare,  for  example,  reeeiviug  the  sanie  pressure. 

"But  let  us  consider  a  cylindrical  surface  presse<l  by  a  belt  in  the 
direction  of  pressui-e  j)erpendicular  to  the  axis,  the  pressure  is  not  uni- 
form ;  it  is  a  maximum  at  that  point  where  the  tension  of  the  l)elt  i,s 
a  maximum,  since  it  is  always  the  sum  of  the  components  in  tlie  dire<;- 
tion  of  the  radii  of  the  tejisions  of  the  adjoining  elements. 

"This  pressure  diminishes  towards  the  two  extremities,  and  if  an 
element  of  surface  he  added  to  the  arc  of  contact  tlie  ]»rcs>urc  will 
have  another  distribution  on  the  surface,  and  tiie  friction  will   clianiie. 

"This  reasoning  is  not  ajiplicable  to  the  case  where  the  surface  of 
the  l)elt  is  incrcjLsed  in  the  direction  of  its  width,  because  then  any  sec- 
tion whatever  [)erj)en(licular  to  the  length  of  the  belt  receives  always 
the  same  [)re.ssurc  as  befoii?.  >)  j  S  =  notiorrH 

"It  follows  then,  that: — 

uTi       i' •  1.'    '  i*-'"-'ii      "     ''  /-U'J  r^i  J>  ■ilniirn/l  f.iilj  jowriMbi^:!0"vf:  1   • 
"  ilie  triction   is  the  same  for  a  same  angle  aifci  a  same  ten>ion, 

whatever  ma}""  be  the  wi.tlth  of  tfte  'l)elt. 

"We  set!  then,  that  the  frictfoh'  of  a  belt  u[)on  a  pullev  deiMjnds 

1st.  On  the  [)ressurc  or  on  the  tension  of  a  belt.    ' 

M.'On  the  j^ng*le^if  ddiifett^t.^^^'^J  imijoa  sd  03 

"And  that  the  friction  is  inde|)enderit 

1st.  (>f  the  diameter  of  the  pulley,..  . 

2rl.  Of  the  width  (»f  tlie  belt.. iibm  lisjAi  <^i  iBuoif< 

"Tiic  friction  is  proi)ortional  to  the  presHure.  ■^cm-:-.  orft  loi  ^jnifv^,  .oi: 

"According  to  the  formula  cited  above  I  havdioottHtnietecl,''viTth  tHe 

aid  of  logarithms  tlie  tbllowing  table,  which  gives  tho  ratit)  of  friction 

U^  pressure  for  any  :uigle,    lio^'n  A      ,lj:upo  •giwxi  j 

"The  ratio  of  friction  to  iTrefeiire  fiTr  Icathbr  \v]Mm  |)lanc  surfaces  of 

i^ust  iron  liiive  been  taken  from  the  experiments  of  Mr.  Morin  ;  1  have, 

however,  verified   the  figures  with   a   belt  <iich   as   is   in   use  in  .-otton 

mills. 

"  All  the  results  relate  to  the  cases  where  the  machine  passes  tVom  a 

Htate  of  rest  to  that  of  motion,  the  case   in   whieh    the   niaxinuuu  of 

force  is  necessary. 
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*'  Now  lot  US  examine  what  i)art  tlic  brcadtli  oftlio  lu'lt  })lays  umler 
tlusc  circnmstiinet'!?.  It  js  evident  after  what  ha.«  l)eeii  said  that  the 
smaller  the  allele  of  contaet  is,  the  greater  the  strain  which  must  be 
jHit  upon  the  belt  to  transmit  a  given  force  ;  because  the  force  it  is 
}>u.s«ible  to  transmit  by  the  j)nlley  is  always  inferior,  or  at  the  most, 
e«|nal  to  the  friction  produeeil  upon  the  surfmr ;  if  the  resistance  of 
the  machine  were  greater,  the  belt  would  sli|>  on  the  jmlley.  Now 
here  the  width  of  the  belt  serves  n(»  other  purjxtse  but  to  give  to  the 
belt  a  resi.<tauc( — a  strength  sufticient  to  sustain  this  tension  without 
stretching  or  breaking. 

"This  tension,  and  with  it  the  width  oi'  the  beh.  nuist  necessarily 
be  in  inverse  ratio  to  the  tiguie>  |»re>ented  in  my  table.  ('onsc(juently, 
in  j)ra<-tice,  we  nmst  employ  the  table  of  Mr.  Laborde  in  the  following 
maimer,  modified  by  what  I  have  the  hon(»r  to  present,  a  method  by 
which  one  can  convince  himself  that  the  widths  indicated  by  Mr. 
Laborde  may  .sometimes  be  increased  in  a  tt'ufold  pio|)ortion,  or  be 
reduced  to  a  third,  aec(»rding  to  cinnmstances. 

"In  the  first  place,  in  practice,  we  shoidd  determine  the  nmnber  of 
man- or  horse-power, the  maximum  force  ti>  be  transmitted  by  the  belt 
and  the  speed  at  which  it  is  to  l>e  driven,  which  will  indicate  a  certain 
brciidth  in  inches  given  by  the  table  of  Mr.  Laborde.  Then  mea.sure, 
in  degrees,  on  the  surface  of  the  smaller  pulley,  /.  «..  the  least  envel- 
oped, the  arc  of  contact  with  the  belt.  J'hen  find  in  my  table  the 
figiu'e  which  exj)rc.-^.<es  the  ratio  of  friction  to  the  pres.sure  correspond- 
ing to  an  angle  of  180'^,  which  .served  a>  the  basis  of  construction  of 
Mr.  Lab(»rde's  table;  then  multi|)ly  the  breadth  found  by  this  ligiu'i-,  and 
divide  the  produ<'t  by  the  ratio  of  friction  to  the  pressure  correspoiul- 
iiiL'^  to  the  angle  of  coiUact  found.       i/  —  .y-t 

"Example:  Required,  the  width  of  belt  to  ti-ansmii  a  force  of  2 
horse-power  with  a  speed  of  •><)()  feet  jkt  mimiK.-,  the  angle  «i  vontiict 
of  the  smL;ill<;r  pulley  being  12(»   .  -v.-.r  ^ '■■i-  imk., 

"  1  find  in  tlx.-  table  of  Mr.  Labor<le  (I  in<-h(>.  which  I  multiply  by 
^Ij  j-^  ;    1  have  then  i>  inches  and  7  line.-. 

"E.vamph':  .".  man -power,  .-|»eed  UKMeet  per  iikimite,  angle  24()'^. 
I  fin<l  ]  inch  and  '.•  line.-,  which  I  nudtiply  i)y  -^  Ji-,}-S{,  ami  1  have  for 
the  loult  1   inch  and  •">  line.-. 

"  I  will  aild,  howcNci-,  that  one  must  not  forget  that  the  wiiight  of 
the  belt  ami  its  friction  w  hen  it  is  crossed  are  also  factors  to  be  intro- 
duced into  the  fornnda.  if  riuorou-  exactness  is  to  be  nttained.      Ijow- 
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ever,  it  is  easy  to  see  that  their  fio:ure  is  too  small  t«>  embarrass  the 
practical  mechanic,  wIkj  in  all  ca.ses  should  not  hesitiite  to  give  an 
excess  to  the  width  altovu  that  which  proceeds  from  the  calculations 
here  o'iven. 
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New  Voltaic  Battery.— -M.  A.  HcraiMl  us(-  chlorohydrate  of 
ammonia  and  calumci.  Wiicii  the  circuit  is  closed  the  chlorohydrate 
of  ammonia,  in  tiie  presence  of  zinc,  forms  a  <'hloride  of  zinc  with  the 
transference  of  ammcmia  and  hydrofjen  to  the  positive  electrode.  The 
hydrojreu  reduces  the  adomel,  yicldino;  metallic  mercury,  chlorohydri<' 
arid,  and  conseciuently  chlorohydrate  of  ammonia.  As  long  as  there 
remains  any  of  tl»e  calomel  about  the  jjositive  ele<^trode  the  chloro- 
hydrate of  ammonia  will  be  rcgenerated.  1 11  a  battery  of  nine  elemeiit.-s 
the  intensity  was  -73  at  the  end  of  227  days,  and  -50  at  the  end  of  I>84 
<lays,  the  jn-imitive  intensity  beinir  1.  When  (•omi)ared  to  sulphate  of 
<-0{>per  the  mercury  gave  an  intensity  of  1-4512  at  the  beginning,  and 
1*0749  after  six  months'  use, —  ('omptrs  Jirndii.s.  C. 
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ON    THK    ACTION    OK    I' A n  Y    MATTER   INi  STEAM- 
IK)  II  >KRS. 


Bv  (t.  1'ki{i:>'i:.\,  Mining  Engineer.        v^sihoqo-^H 

Tnuv-lattMl    fruin   ilu-   Annnh-s  ilc.-'   .l/z/ics  of  l87^'^Ky>  Chief' 'Ehpiiioer   Ikiikkwooiv 

r.  S.  Navy.  ^.^^^jj    ^^, 

.-niHOfi^jnrfi  "in  -. 

For  many  years  pa.st  the  water  of  comloiisatiun  pfitliQCxhaiif^t  steanr 
from  steam-cnirincs  has  boon  usocl  for  fooding  boileiv.  The  j)nu^tiw\ 
though  jKJSsossing  advantages,  ani<»ng  whieh  is  e«;onojny  of  fuoJ,  is  not 
without  drawbacks,  for  munerous  accidents  have  attt'udetl  it,  which 
have  been  attributed  to  the  fatty  matter  contained  in  this  water  of" 
condensation. 

The  practice  may  be  divided  into  the  two  cases  of  the  e.,wlusive  ase 
of  the  water  of  condensation,  and  of  the  use  «if  that  water  mixed  with 
spring  or  river  water.  The  Hrst  has  been  made  the  subject  of  a  re<'ent 
connnuniojition  from  Mr.  Iletet  to  the  Academyv  '  That  .scientific 
chemist  points  out  deep  <'(>rrosioiis  of  the  l)oilel'  and  the  formation  of" 
black  dense  depo-sits, mixed  with  oxide  of  iron,  whieh  adliereil  strongly 
to  the  metal  and  cauneti  it  to  be  overhe;it(Hl  or  burned.  HoaU)  points 
out  that  this  corrosion  aiid  its  re.snltir»g'iw(n<^ents  coidd  lt>o  avoided  by 
neutnili/ing  with  lime  the  fatty  acids  comtained  in  the  feed-water.  The 
proc<"Ss  is  ex«vlient,  but  oidy  on  the  condition  that  the  w-ater  thus 
treated  is  sepamted  afterwm'ds  by  (Uv^uitation  ov  lietterHtill,  byiiltratioii 
from  the  lime-soap  thus  fonned.  The  fact.'*  tol)e4jiv«h,in'thife  ])aper 
will  Ix'  found  to  fully  ju.s'tify  this  <-on<lition.     •;'!'  :.i    ■  ii  W;.   >  r>Jj 

The  mixing  of  the  water  of  <'ondenwtion  with.'^prinn-  or  riv(^' wtiter 
muses  gre!M<v-lime  <lc^)osit.'<,  \ivho.«i('  ettltets on  boilerH  iire  Mfill  tUi"  f<ubj»H^t 
of  nmuerous  controVersi(>^.  Some  engineei's  deny  the  'injurious 
inrtuence  of  these  de[)osit8,  considering  them  no  woiw  thun  ordinary 
sc-jile;  while  others  attribhto  to  themtlientostperniHous' action,'  An- 
other class  entertains  the  interm<'diate  opinic^n,  that  in  certniii  cuhva  and 
with  certain  kinds  of  water,  fatty  matter  in  the  boilei-  can  be  [)ro<luctive 
of  serious  damage.  uoiJiliudy  oH  I 

I  am  of  this  lattr'r  opinion,  for  ob,-^crv(!<l  facts  sh(»w'})oth  the'fonner 
(»n<"S  to  he  too  absolute.  lint  in  what  eases,  a n< I  with  what  waters,  has 
the  fattv  matter  a  pernicious  a«"tion'.'      I  tliink  these  (pic^tioiis  have  not 
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yet  been  answered.  I  neither  pretend  to  .specify  all  the  j)c)ssil)le  e^e^s^ 
nor  to  fornmlate  a  theory  inyulnerable  to  criticism;  1  limit  myself  to 
describiut;:  the  results  of  .some  dl)seryations  and  exi)erinients,  and  to. 
statiuo-  the  conclusions  which  I  believe  1  have  looicallv  drawn  from 
them,  submitting  the  whole  to  the  appreciation  of  .specialists. 

Propertie.fi  of  greasji-lime  depodts. — From  ;i  nmch; damaged  l)()iler  I 
g-dthered  a  de})o.sit  of  the  follo>v;i#ig,(;Qmpo.sition: 

Carbonate  of  lime,       /ryt^Y.  .S .  \  ,         ,S.S-747 

Carbonate  of  magnesia,         .  .  2*707 

Sulphate  of  lime,  'f»''f!"oa  'to  -ly.-;//  -ni'        .  2-042 

Lime  in  excess,  i  '.fibosl  id]  t)98rj  assd  .r.  :M37 

Organic  mattet^  «t  ffoif(w  gnoxn^  »89^aBvbv  2*240 

Fatty  matter,  ^^d  .r;:tn'3bioo£  ^jroiornufi  .lo*!  .-  1-()10 

Oxide  of  iron' "^f'^>"'  toW nm  vWb^,  od>t  ot  f)'..;  2"22o 

Silica,   ....  1-900 

Water  '^^  'k\>s?Aio  o'/ri  ^3di  oJui   bpbivib  ad  'ijiiii  ■■  0"800 
Not  ascertaiWea'khd^toSsJJ*  "io.bn^  ^nohrtPf  >^h.,  ,  ',    ^yl^)2 

'"'  '       r  obcfn  .a9*3d  SBff  i?nh  9tlT  

.  M.  .  ;.„.   jK.i  ;Total„.jhf,,y.   ed^  o:t  lo^s^U   .-iM  n.-.      100-000 

This  pulverulent  dejjositr^^ofa-gi'eyishcolwV adheres  but  slightly 
to  the  lieating  surfaces  of  the  boiler,  and  has  the  peculiarity  of  not 
being  niacle  wet  ibyrcoklwater^jdia-tiie  surfaced  of  wlideh  it  floats,  but 
during  ebullition  it  is  jjromptly  luiade  so  and  inixed  with  thd  liqui<L 

On  tlie  same  tire  1  i)laced  two  ideutifial  ves.sels,  each  c<.tntaining  the 
same  quantity  of  watev/toi  iW)liioh',tiiiifOH<j,(  I  added  a  quantity  of  the 
above  grea.sy-lime  substance.  The  el)ullition  in  the  two  vessels  was 
very  diflerent,  l^ing  traiupiil  with  the  pure  water  antl  tumultuous  with 
the  water  containing  tiie  greasy t4i»ue  subetiiJieer.'  vTUe  latteif  liquid  had 
a  singular  apj)earance:  it  had  become  iih  emxditwn  witJi  a  considerably 
increii-sed  volume,  being  comparable  iu  all  respects  to  milk  in  violent 
ebullitioji.  The  experiment,  whiyh  was  sevcj-al  times  repeated^  showaJ 
the  emulsion  to  be  more  intense,  i(>tht'r  things  e<|ual,  a?j  the  quantity  i»-)f 
the  grcasy-liiue  substance  was  greater;  but  1  found  the  ])roj)ortion  of 
about  one-half  of  one  per  centunj.  was  sufficient  to  initiate  the  pheno- 
menon.   <{  od  no;)  -leliod  9fb  ni  loWcm  ^te't  /toicw  *io  8bn}>l  n\ 

The  ebullition  of  water,  whetlier  witli  ordinary  calcareous  dei)osits, 
or  (containing  diflerent  .salts,  such  as  the  carbonate  and  snlphat<3  of 
lime,  the  carbonate  of  magnesia — even  in  the  calcined  stat< — sulphate 
of  baryta,  etc.,  eithei  separately  or  together,  |)roduc(!d  no  similar  rmul- 
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sion.  Finally,  the  .'<ime  <rre;u<y-liim'  suhf^taiu-e,  on  boiiig  calcined  at  u 
iiifrh  tempomtiiro,  lost  all  its fvpieal  qualities:  it  could  be  made  wet  witli 
Oold  water,  and  no  Ioniser  ])rodueed  any  emulsion  on  ebullition. 

The  emulsion-makinjj^  property  of  thi.-*  jjreasy-linie  substance  must, 
therefore,  be  necessarily  attributed  to  the  fatty  matter  it  contained;  for 
that  the  dit^ireiit  oriranic  matters  which  disappejirwl  with  the  grease  by 
the  calcination  c(»uld  have  any  influence  on  that  pr(t])erty  is  not  sup- 
posable,  because  the  nature  (»f  the.<e  matters  is  evidently  the  s;ime  as 
that  of  the  or<raiiic  snb.^tanccs  in  ordinarv  lioiler-scalc.  which  pnnluees 
no  emulsion. 

I  likewi.^e  made  difl'ercnt  atial<i<i'ous  cx|)erimeiits  with  the  <:;reasy- 
Hme  sub.'^tance,  in  which  the  |)roportion  of  grea><e  varied  from  sixteen 
to  tAventy-Hve  per  centum,  the  kind  of  mineral  matter  with  which  it 
W!L«  cond)ined  remaininji;  alwav.^  the  same,  whether  of  (.■JU'bonate  and 
suljthatc  (»f  lime,  oi-  nf  carbonate  of  mat^nesia,  or  of  silica,  etc.,  and  I 
observed  the  same  pheiioineiKHi  n{'  cniMlsion  except  in  the  tbllowiutr 
three  ca.«es: — 

1.  That  of  a  depfisit  containin<r  .M-venty-six  per  <*ciitum  of  fatty 
matter,  taken  from  the  hot  well  of  the  en<:ine  of  a  su<rar  tnamifactory. 

"2.  That  of  a  deposit  containinLi:  forty-four  per  centum  of  fatty  matter, 
taken  fr(»m  a  l>oiler  supplyin<r  steam  to  a  condensiu!,^  en<»;ine. 

H.  That  of  a  dcjxt.'^ir  taken  from  a  part  of  a  boiler  which  had  beeJi 
•exposed  to  the  acti<»n  of  the  atmosj)here  fWr  more  than  a  year.  (The 
grea.'iy-lime  substance,  on  the  contrary,  taken  from  a  sheltered  j)art  of 
the  same  boiler,  and  therefore  not  e\po.^e<l  to  the  action  of  the  atmos- 
phere, was  enndsion-makinir. ) 

These  three  deposits  could  be  made  wet  by  cold  water. 

Finally,  I  made  ()ther  e.xperimeiUs  of  the  same  kind  on  some  <^rejisv- 
lime  substances  that  were  very  rich  in  fatty  matter  (fnim  thirty  to 
seventy-Hvc  per  centum ).  The  analvses  of  these  substances  disclosed 
a  <-ousi(lcrablc  pro|»ortion  of  oxide  of  iron,  indicatin<r  an  intense  corro- 
sioi)  ot'  the  boiler-plates  on  wliicli  llic\  had  been  deposited.  When 
the  substances  rich  in  fatt\  matter  were  pulverized  they  floated  on 
■water,  but  bv  ebidlition  the  powd«'r  s(»on  a<:;glutinated,  sunk,  and  stuck 
.U>  the  bottom  and  sides  of  the  eontainin<r  vessel. 

ihit  when  the  sid>stauces  p<»or  in  fatty  matter  were  pulverized  the 
fMtwdt'r  did  n(»t,  on  the  contrary,  a^<i;lutinate,  but  if  left,  after  having 
produced   an   enudsion,  to  sink  to  the  bottom  of  the  containing  vessel, 
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it  did  not  adhere,  althougli  allowed  to   iviiiaiu  quiescent  for  several 
(lays.    When  the  liquid  was  again  lieated  the  emulsion  was  reproduced. 

A  last  experiment,  which  appeared  interesting  to  me,  consisted  in 
making  in  the  laboratory  an  artificial  grejL'^y-hme  substance  bv  the 
vaporization  of  limy  water  to  which  fatty  matter  had  been  added.  I 
took  the  limy  water  of  several  factories  where  emulsion-producing 
substiinces  had  been  found,  and  after  ascertaining  the  (piantity  of  solid 
matter  in  solution,  I  added  the  necessary  ([uantity  of  fatty  matter  in 
the  pro{)()rti()n,  approximately,  of  one-half  of  one  per  centum.  I 
discovered  that  the  substances  thus  formed  in  free  air  did  not  ])osscss 
the  enudsion-making  property. 

This  experiment  tends  to  [)rove,  in  my  opinion,  that  pressure  is 
necessary  to  the  production  of  an  emulsion-making  combination  of 
lime  and  fatty  matter;  and  it  explains  the  previously  mentioned  non- 
emulsion  making  [)roperty  i)i  the  greasy-lime  deposit  taken  from  the 
hot- well,  in  which  the  pressure  is  but  little  greater  than  that  of  the 
atmosphere.  It  also  explains  the  non-enuilsion  making  property  of 
the  second  de|)osit  containing  forty-four  per  centum  of  fatty  matter. 
I  could  not  ])ossibly  know  the  pressure  under  whi(^h  this  last  dejjosit 
was  formed,  but  as  the  engine  was  a  condensing  one  the  supposition  of 
a  low  pi-es.si,u'p  JM,  i\}^  \)p^%\'\i^^\iXi^\)iih\Q. 

It  does  not  appear  to  me  that  the  composition  of  the  water  has  the 
influence,  on  tJlC; properties  ol,  tl,iCj^'e;vsy-lime  deposit  >vhich  some  engi- 
neers bejjievje,  ,  Xhe:,dj|^r(e|if;  4^ppsjt^,I  have  examined  confined  the 
ordinary  elements  of  spring  or  river  water,  but  in  variable  ])roportions, 
it  is  true.  \^  there  were  any  variation  , in  the  ])roperties  of  tlie.se 
deposits  it  was.^lely  due  to  th^  more  or  fei??5  quantity  of  fatty  niattf^- 
they  contiiuied,  and  to  the ,  circumstances  which  accompanied  thcii 
formation.     I  su^Uj  ^p,  tl)<f'|^gjpr9P^f.^f^s  ip,  th^,;(9^1o>)^jvg^l;^bJtj: 

Deposit  with Yv.i if/-;  ■r-'.n']]  'to  v.>.7li;(!i^      Tl'      ,,,iiiiii>m  ■  u\  •> 

tatty  matter:  ^,.  .:,(T;5p^;^^,e  W<t)pfert^:'        Adherence  to  the  metal. 

m  strong      I     ,  .1 

proportion,    j 

Formed  ,iw4jer .  1  DepOfSit  made  \vet  by  cold  water.  ISame 
low  pressure.   |    .  properties  as  ordinary  tioiler-scale. 

^  Dejiosit  not  made  wet  by  cold  water,  is 
Formed  under  (  made  so  i)y  hot  water,  and   produces 
high  pressure,   (an    emulsion    by  ebullition,  which    is 
not  adherent  to  the  metal. 


Dc[)osit  with 
fatty  matter 

in  feeble 
proportion. 
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Action  on  t/ir  hoih  r  of  (/ridsy-Ume  /t<(viu(/  a  .siiudl  proportion  of 
^frefiJ<e. — Tlic  fiist  hoilcr  accidvnt^!  iittHl)ut^rto  tlie  grt'ttKy-lime  sul>- 
*'tan<'<-  •K'ciirrtHi  in  (icnnany  in  18G4;  uikI  lator,  in  1867,  Mr.  Fiircot 
made  an  iiifrrostinii  coinTnmiH'atlcni  t(>  tlic  Nx'ii'ty  (tf  Civil  lOntrinccrs 
<tn  the  injiirios  to  a  tnlnilar  UjiUm-  ha vi!»«r  17*22  s<|uaro  foot' of  lioatinj; 
surfkiv,  oixvto«!  in  tho  f}u*t^)iy  i>t'  Poht-'liCTWy.' "Thosfse  injiinos  woix? 
rnanif('st(Hl  l»y  lain*'  leaks  al^ni:  tho  npiXTW^amv  of  flio  interior  fnrniu'O, 
and  after  j)i'<i|(ini>'<'(l  investjn-atifMi,  tliov  were  attril)iite(l  to  the  iireasy- 
litiir  deposit.  Ily  the  sidf  of  this  Ivoilor  i^t'Vtnil  «Hinibiiu-<l  eylindor 
toilers  wore  fe<l  witli  llie  nftvir  trnftrywitUiSWt  iU^tny.Mlul  thit^  foot  is 
worthy  of  remark.  "''    -i>ii'>.     i.ii.hii  n, 

From  tliat  time  such  aecidoirts  hrtvt"'I)lt^oini«i  IV^juoTrt  J  oo<-»UTinji;, 
nofnhly,  in  a  <rreat  inimher  of  supir  mannfaetories,  ar»d  espe^-iallv  to 
tuluilar  and  .«<Mni-tnF>nlar  hoilois.  In  tidudar  boilirs  tho  s<'un»s  of  tho 
inner  fiirnm-o  wtv^i'  niptniH'<l  mui  tho  Hfuy^l>W>k^'n<  t*-+nlo  in  ^^c^M-t^lhu- 
lur  IwiUns,  tlio  ]>ltttos  whioh  roeoivo<l  the  hottest  impaot  of  th<'  flame 
were  rnptured,  the  fraetnre  followin<r  tho  first  oiroidar  soani. 

Tho.*o  '«<Tidoht^  vi^^ro  -Attrihutod  to  tbo  jfrouKv-linio  deposit  ah>ne, 
fM-i-itnf^c  it'^va.*«^'iWn!irko(l  that  from  tho  moment  the  formation  of  tlio 
<Iej»o<it  ^^'rt^'  provonto<l.  tho  aooidentH  coaso*!.  I'he  rxplanation  adopt<Hl 
op  to  tho  present  time  is  that  the  j!:reasy-lime  sul)Ht;inn'  di«l  not  hecomo 
wet,  and  f>0TO<r  deiwisit***!  u|iiOfn  tho  l)oiU»r'-'plHtii»^,'lH0l;ifo<l  t>KMn  from  tho 
wat«r.  in  eoMs<>rpi<'ivf<#  of 'A^^trttjh  lihfir  'll^>(illUi' <«V^i<lk-hellto(l 'ftml  tho  aeei- 
<h'nts  rosiiltefl.  !■■:;:    '■'■>.   ;M.i,(ln-!,|   ■••!]; -"»riijj_jii    )ili  i     'ii  ■! 

The  ovorfjoatiniji:  of  th<' hoik'r-f»iWWkowii«  tiitJ'to.'be  <ioiidito<l,  for  the 
natUH' oi' tho  injnrie.«  prove  it.  a*>"  well'  as  the  presonoo  <»f  oarbcmiwd 
matt4>r  in  thodoptisit;  liiit,in  toy  opiniou^  tho  o.tplniiation  is  <»rrono()UK, 
fbr  the  do[M»Hit  l(hH'H  «W)f  fi/^A^ivi  to  )f/u''A«t/«*/-/iA//i'j», larid  fVnthor,  it  m 
m'i(U  tvet  htf  hot  /<v//o/-.  . > 'Hrt w  <«u  Huofi  a  theory  oxplain  tlio  abnontre  «f 
injiny,  whieh  1  have  (tstal>lishe<l  t<^i  bo  tho  f'aet  in  other  <-:i>:os,  to  com- 
biiie<|  o\-|indor  niid  s<'mi-tnbidar  boikis  WA  in  thosjime  tnannoras  siiii- 
Wtif  ortfe*  which' Svero  infjfnirod?  Tho  f<njul!<ion-makin^r  propfTty  of  tho 
«rroa.'iy-HrT»o  snbstani'o.  of  wliir-h  no  ae<'<UMif  has  pr(\iouMly  been  taken, 
mo'-t  here  l>eJ(ron;;ht  forward,  and  the  explanation  of  the  pheiK>mena 
i-ixu  v;\A\\  be  dodnofd  from  iti  '!  tol   l/irt)  hbn  v^ 

I  remark,  at  tho  boL'innin<£,  tliat  for  a  bf»ilei"  to  openite  prnperlv,  it 
is  no<-o.sv;ary,  in  the  first  plaee,  that  the  qnuiitity  of  heat  furnished  by 
t.lte  fnrnaee,  in  a  ^ivoti  time,  nhall  n#>t  exoeo<l'  tho  (piantitrv  of  heat 
wfdeli    the   metal    of  the   plates  can   transmit  in   the  siuno  time  to  the 
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liquid  to  be  vaporized;  and  in  tJie  se<'<md  place,  that  all  the  heat  wliieh 
traverses  this  metal  sliall  be  integrally  absorbed  by  the  liipiid. 

If  this  equilibrium  is  deKtrpyed,  either  by  excess  of  heat  furnislRHl 
by  the  furnace  (tr  by  reason  i  of  a  diminution  iii  the  heat-alworbing 
power  of  the  liquid; itP^:bQyapori«e<l,  there  necessarily  results  an  accu- 
mulation of  heat  hi  the  mebd  of  the  boiler  i)lates,  ])rodu('ing  a  consid- 
erable elevation  of  their  temperature.  This  overheating  ^vill  occur 
especially  in  those  plates  wliieh  are  acted  on  by  tlu'  ladiant  heat  (direct 
lieating  surface),  iji  the  jilatesof  the  connecting  ])ipesof  combined  cyhn- 
der  and  semi-tubiUiu'  boilers,  ajid  in  the  tube-plates  and  crown-sheets 
of  furnaces  in  tubular  boilers,  the  effect  being  the  production  of  aVmor- 
mal  dilatations.  On  the  withdrawal  of  the  fire,  and  even  on  the  dim- 
imuion  of  its  intensity,  the  overheated  phites  cool  first,  so  that  during 
the  ordinary  use  of  the  boiler  its  plates  axe  subjected  to  a  succession  of 
dilatations  and  contractions  which  at  length  change  the  molecula*  con- 
stitution of  the  metid,  strain  the  se;uns  and  e^, by. eftU^hig, leaks  at  th^ 
rivets  and  fractures  at  tlie  weakest  places.'!  n-u,^^- ■.<■■{ \  .>ih    !  rniTnr-     - -v 

Now,  in  my  opinion,  the  equihbrium  which  charactei'izes  tlie  normal 
action  of  a  lx)iler  is  brok(!n  when  the  emulsion-making  grejisv-lime 
substance  begins  to  form  ;  for  the  mixture  of  steani  and  water  which 
constitutes  tiie  ejuulsion  pjctxlucetl  by  that  substance,  possesses  a  less 
heat-absorbing  jxtwer  than  water.  The  overheating  of  the  [)lates  should 
now  commence,  and  from  that  moment  accidents  ai*e  j)ossible. 

The  extent  of  the  injuries  are  }>robably  governetl  by  the  quantity  of 
the  substan(«  present,  on  the  one  haml,  and  by  the  time  during  which 
it  acts  on  the  other.  In  fact,  the  strength  of  the  enmlsion,  and  cx>nse- 
quently  tlie  heat-absorbing  ca})a<;ity  of  the  mixture  of  the  substance 
and  water,  dejiend  on  t\w  (piantity  of  the  substance.  The  influence  of 
the  duration  of  its  Jictiou  af)peiii>:  evident  to  me,  for,  in  the  case  of  a 
boiler  in  ordinary  use,  the  heiiting  and  <;<M>ling  are  pericnlic,  so  that  the 
exjiansions  and  contnictiouH  are  numerous  juHt  in  proportion  to  the  time ; 
corisetpiently,  as  the  substance  acts  longer  during  a  longer  time,  the 
molecuLir  changes.  pro<l need  in  tlie  metal  niiu^t  be  correspondingly 
grt-ater.  ()  'to  no 

I  need  scarcely  add  that  for  a  determined  value  of  the  ]>receding 
elements,  tJie  quantity  of  heat  furnished  by  the  furnace  in  a  given  time 
remains  below  a  certain  maximum,  the  etpiilibriura  of  the  normal  action 
of  tlie  boiler  will  not  l)e  overthrown,  in  which  ("a,se  overheating  could 
not  •xx'ur,  but  the  pHxhution  of  steam  would  be  less. 
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It  is  «-(mc('ival)K'  tliat  t'nr  cacli  Ixiilcr  in  wiiicli  tlic  fimilsion-makiii^ 
greasy-linu'  substance  is  pnMlncctl,  tliere  exists  iK'tweiii  the  t|uaiitity  of 
heat  fnniishe<l  (tr  quantity  t»f  coinhnstible  consumed,  the  t|uantity  of 
the  sul>stancc  and  the  U'n<ith  of  time  durinti"  \vhi«-h  it  acts,  a  jn-opoi'tiou 
necessary  and  eharaeteristie  i»f  that  Ixiiler  as  rciiards  its  sensibility  to 
the  action  of  tlie  sul>stan<'e.  It  is  also  conceivahh'  that  when,  in  pr.ie- 
tice,  one  <»f  these  three  ehinents  passes  the  limits  determined  by  that 
proportion,  a  serious  aeei<ieiit  will  happen,  whilst  iu'low  that  limit  no 
aivident  is  to  be  feare«l. 

\i>  nuX  this  the  correct  tlu'oiy  for  the  explanation  ot"  the  followinii; 
facts?  The  semi-tubular  boilers  c(>ntaininji;  IT'J'i  sipiare  fet't  of  heat- 
\\\^  surface,  which  belon«i  to  a  sn>;ar  manufactory  in  the  Department 
of  the  Aisne,  were  all  fed  with  a  limy  water  mixed  with  jireasy  water 
<»f  condensation.  They  received  no  injury  during  the  Hrst  year,  but 
duriilj^  the  second  \-ear  tliev  all  fractured  in  an  identical  manner  at  the 
first  circidar  seam.*  In  a  factory  in  the  sul)urbs  of  I'aris,  some  com- 
bined cvlinder  boilers,  eoiitaininii'  770  s(piare  feet  of  heating-  surt'aee, 
have  been  in  dailv  use  for  several  years,  with  enudsion-niakini:-  ureasy- 
lime  deposits,  but  without  injury. 

The  particular  sensibilitv  ol"  any  boiler  to  the  action  ot'  these  depo- 
sits is  not  known,  us  observations  in  that  respect  have  n(»t  bet-n  sntli- 
cieiitK'  mmierous,  and  direct  experiments  are  difficult  to  make;  never- 
theless, I  believe  we  may  pre<lict  that  one  type  of  boiler  will  be  more 
sensitive  than  another,  from   the  tbllowini!;  consideration.--. 

Anion*:-  the  boilei's  comnionlv  cmpl(ye«l  in  factoi-ies,  there  may  be 
discriminate<l  those  of  small  hcatinii"  surface,  sut-h  as  the  cond)ined 
cvlinder  boilers  in  whi<-h  that  surface  i-arely  c.vcceds  7(K)  or  700  s<|uare 
feet  ;  and  tho.'^e  ot"  larue  heatiui:  surface,  such  as  the  tubular  and  .-;cmi- 
tubular  lutilers,  in  which  that  surliice  is  often  'Jl, ">()()  s((uare  fci-t.  1 
shall  adopt  this  ;feneral  classilication,  witiiout  deeminjr  it  indispensible 
to  fix  the  exact  limits  of  each  category. 

Now,  in  anv  boiler,  the  (piantity  of  condju.stible  burned  in  a  «;iven 
time  should  be  pro|)ortional  to  tlu'  heatin«;-  surface  ;  but,  for  an  economic 
vaporization,  the  onitc  surface  should  also  be  pro|)ortional  to  the  tpian- 
titv  of  combustible  burned,  and  eoasecjuently  to  the  heating;  surface. 
Various  i)ractical   considerations  however,  and  among  otiiers,  the  Jit- 


*  After  tlicse  afcidi-iiLs,  tlio  use  ol"  limy  water  was  abaiuioned,  and   flu-   Ixiilers  have 
been  M  witli  distilled  water,  sinee  wliieli  time  no  further  anidtnls  have  happened. 
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iiculty  of  maintaining  and  cleaning  the  fire  on  large  grate;?,  has  leil 
boiler  makers  to  limit  the  dimensions  of  the  furnaces,  from  which  may 
l)e  concluded  that  in  boilers  with  large  heating  surfaces  there  is  neces- 
sarily burned  considerable  quantities  of  combustible  per  unit  of  sur- 
face of  grate. 

The  heat  furnished  to  the  direct  heating  surface  can  be  integrally 
absorbed  by  the  liquid  to  be  vaporized  only  to  the  extent  of  tlie  heat- 
absorbing  power  of  the  latter.  Now,  the  emulsion-making  greasy- 
lime  substance  has  exactly  the  effect  of  reducing  this  heat-absorbing 
power,  rendering  it  conceivable,  in  view  of  tiie  great  (|uantity  of  com- 
bustible burned,  that  a  small  quantity  of  the  greasy-lime  substance 
may  be  sufficient  to  destroy  the  equality  Ijetween  the  (piantity  of  heat 
furnished  and  the  (quantity  of  heat  absorbed,  and  to  cause,  conse- 
(piently,  overheating  of  the  boiler-plates  together  with  the  accidents 
which  accompany  it.  Therefore,  the  boilers  witii  large  heating  sur- 
faces are  more  sensitive  to  the  action  of  the  greasy-lime  substance  than 
those  with  small  heating  surfaces. 

Other  facts  confirm  this :  Before  the  introduction  of  tubular  and 
semi-tubular  boilers  into  factories,  accidents  from  the  greasy-lime  sub- 
stance were  very  rare,  and  even  its  existence  was  hardly  suspected. 
For  example,  in  the  tactoiy  at  Pont-Remy,  the  combined  cylinder 
boilers  having  a  small  heating  surface,  acted  very  well,  although  fed 
with  a  mixture  of  limy  water  and  grea.-<y  water  of  condensation ;  but, 
on  the  contrary,  a  tubular  boiler  of  1722  square  feet  of  heating  sur- 
face, fed  in  the  same  manner,  was  seriously  injured.  At  the  present 
time,  there  is  in  a  factory  a  combined  cylinder  boiler,  containing  775 
square  feet  of  heating  siu-face,  which  works  well,  although  the  greas}- 
lime  substance  is  constantly  produced  in  it.  Another  factory,  on  the 
contrary,  has  tubular  boilers,  containing  1722  square  feet  of  heating 
surface,  M'hich  have  all  suffered  accidents  from  the  greasy-lime 
substance. 

To  sum  up:  Wlien  fatty  matter  is  introduced  into  a  boiler,  it  forms 
greasy-iron  or  greasy-lime  deposits,  which  act  on  the  metal  of  the 
boiler  in  a  different  manner,  according  to  the  more  or  less  fatty  matter 
in  them ;  and  according  a^  the  pressure  under  Avhich  they  are  formed 
is  more  or  less  elevated.  If  the  deposit  is  very  rich  in  fatty  matter, 
it  is  corrosive,  adherent,  and  causative  of  overheating  at  the  places  of 
adherence.  If  the  deposit  is  poor  in  fatty  matter  and  was  formed 
under  a  low  pressure,  it  acts  simply  like  ordinary  boiler-scale ;  but,  if 
Whole  No.  Vol.  CVII. — (Third  Series,  Vol.  Ixxvii.)  23 
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it  Ix'  tonncd  iiiuK-r  ;i  liiiih  prcs-^uiv,  its  action  is  entirely  sjK'oial,  and  it 
can  cause  iu.t5idcnt«<  hy  uvcrhoatiug.  Xix  thi^  (jasp.p^'  any  given  boiler, 
tlic  |trol>jil)ilitics  of  tlie.>^e  accident^  de})end  on  the  qiumtity  of  the 
deposit,, (/ii  thu  tijm'  (ji.'it,s  action,  ;uu|, I MJi  the  quantity, of  combustihle 
l>nrual.  If, tliese  three teleiiient*',ax<?fied  c^rtaiji  limitfi,  a  si^ri""^  Ji^fi- 
dent  will  haj)[)en ;  hut,  below  tliese  limitn,  the  boiler  can  function 
icitliont  (laayir,  Fimdly,  a  boiler  \v it Jij^argc  Jipa,tiug  )^urface  is  juore 
sensitive  to  the  action  vt  Uiif  (J,epf)sit  jtli^i  iQ^^e>yi|th  small  heating 
•^i"**«t't'-  .I-,,,..-  ...It  trK.i,;-/.,  ,;  ^\     ; '.  L  oi  i  ■ .  1 1  • : 

OX  THE  INJTIAiyEFFECTOF  THE  EARTH'S  ROTATION 


I  '  1 


1 :  "t  '  /. 


^y  THo.y,^  Wi^^iAiji,  TOjBi^',,, 

Professor  of  I'liysics  and  Chemistry,  Central  University,  Riclinioiul,  Kentucky. 
TliK    I'KNDtriAjM    DEFI^'EI). 

Let  the  plane  of  vibration  of  a  pendulun^i  ,be  ,repres^jited  ,by  BAC, 
Fig.  1.  For  the  purpo.se  of  dejuojistration,  \ct  vl  be  con.^dered  as  the 
point  of  origin  to  which  any  alteration  in  thy  lAam -fi AC  is  to  be 
referred.  AB  is  the  a.\is  of  vibration.  i?„ a,  fixed  point  about  which 
the  viI>ration  6b  occurs.  ,  ,  -r  y-v 


to   )aB9    noltfinllorii 
■X    hoiebi^noo    ^ni 


i>f(i')(l   V'lo'to'ioib 
-^i<>i\(;(i|>'»     ')ift 

fi'ir'>)|i;(n 


Any  deviation  of  the  pljiiic  /!.[c  niav  Ix'  rcsiolved  into  the  elements 
.l/>'and  AC. 
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The  angle  op^  the  earth's  deviation. 
M\'  will  first  cdnsicler  tft^  eifect  of  the  eartli'.<  revolution  upon  the 
element  AC,  the  plane  of  vihration  lieing  north  and  south,  the  point 
A  a<  represented  in  Fig.  2  and  point  T' perpendicular  to  ^li?  in  the 
axis  of  the  enrfh's'  rotatfoh.  Tli^'length  of  AC  will  remain  constant. 
In  Fig.  .3  draAv CA  aVid  the  arc  .4^  F  equal  to  the  space  passed  through 
by  tlie  point  .4  in  h  given  time, '."^ly  24  hours,  AF  will  then  be  equal 
to  the  circle  of  latitude  'jrt '1.''"^  line  AC  will  be  at  CF.  Draw 
FG  parallel  to  A  C.  It  is  evident  the  angle  at  F  will  represent  the 
antrle  of  deviation  that  the  earth  ha.s  undergone  in  relation  to  the 
.lenient  AfV  ^'^iT^A^  ^HT  10  TOaHi^  .  I  MT! 

To  find  the  valti'e  Jf ^Ae' /n^W  P'^^Oits  equal: 
(Fig.  2)  As  CA  ,  A'A~-r/\D'  :  A'D' 

or  C'ii':^(?6.4.'lkfJ  :':  rad.  :  sin.  lat. 
'  ^  cos.  lat. 


CA  = 


sin.  lat. 

1 

J 


<Fig.  3.)     On  CA  lav  offVL  equal  to  the  cgsine  of  latitude  [AA'}  and 
V!  .-\  7'%       ..1     ■■,\-,"jtti^i\i^\MV)i]  a  io  iiiuiiin<jr/   lo -^iiclq  iMI"  n. ; 

'"^wciwSiFi'tAV^^^  


aml:CircJei4^:;arc^!^'::;i 


and  d 


CA 


COS.  lat. 
COS.  lat. 


'd 


=  sin,  lai- 


sin.  lat. 

Any  inclination  east  or 
Avest  l)eing  considered  as 
-f-  or  —  of  the  line  CA,  will 
be  —  or  —  at  GF  and  of  I 
equal  magnitude.  Both 
memlx*rs  therefore  being 
satisfieil  the  equation  will 
remain  unaltered. 

In  revolution  around  the 
earth    the    element    AC  is 

jierfectly  free  to  continue  this  relation  to  it.self  at  all  times, 
physical  nature  of  the  pendulum  there  is  no  opposition  ottered  to  the 
several  points  ^i  and  C.  Traversing  equal  spaces  in  equal  times,  they 
must  retain  the  same  relation  to  each  other.  Assuming  this  aigu- 
ment  to  be  true,  the  formula  is  not  an  apj)roximation  but  absolute. 


th( 


324 


Tohin — The  Free  Pendulum. 


[Jour.  FrHiik.  In^i.^ 

But  tlic  element  AB  in  revolution  suffers  a  constant  alteration  by 
gravity  and  therefore  resistance. 

The  lateral  force. 
As  the  element  AC  in  tho  revolution  of  the  earth  remains  unaltered, 
the  deviation  of  the  element  AB  will    indicate   the  whole  resistance 
encountered  by  the  plane  BAC. 

Its  ma«rnitude  will  be  representetl  by 
{(1)  ....  The  quantity  of  motion  or  momentum  in  the  plane  BAC. 

Let  this  be  taken  as  a  constant. 
[h)  ....  The  amount  of  lateral  deviation  of  the  point  II  in  relation 
U^  AC. 

In  Fig,  4  the  point  .4  is 
fixed  in  relation  to  the  earth, 
point  B  in  one  revolution 
of  the  earth  would  describe 
the  circle  EW.  If  the  ele- 
ment AC  '\^  situated  N.  and 
S.,  the  lateral  resistance  of 
pcMut  B  may  be  estimated  by 
the  circle  EW  or  by  it'> 
radius  AB.  As  this  is  the 
t^reatc'st  circle  that  can  be 
described  by  B  and  the  lat- 
eral resistance  directly  o\^- 
j)osed  to  the  direction  of  B 
the  maximum,  Me  may  de- 
signate the  resistance,  r,  en- 
^  I  countered  in  one  revolution  as- 

(1 )  .   .   .   .  the  plane  A"  and  aS*.     f  =  rad.   X  1. 

If  the  i)lanc  is  situated  as  at  E  W,  the  point  B  being  at  all  times 
in  the  same  plane,  the  lateral  resistance  will  be  0  and  we  have 

(2)  .  .  .  .  The  i)lanc  /s  and   IT.     r  =  rad.  X  0. 

The  resistance  to  point  />"  in  [)lane  ^Y  aS' will  be  measured  by  the 
circle  />' ir',  and  as  the  line  J/>'  must  always,  by  the  inlluence  of 
gnivity  on  the  axis  of  the  ])endulum  make  with  the  earth's  axis  an 
angle  equal  to  NAB',  the  circle  E'  W  may  be  represented  by  cos.  lat., 
B'h ;  for  the  position  on  the  earth's  surface  where  the  pendulum  is 
placed. 


Tobin — The  Free  Pendulum. 


325 


Fij 


May,  1879.] 

Xext  iu  regard  to  point  B'  let  the  plane  be  E  W  as  in  Fig.  5,  the 
lateral  resistance  of  B'  through  the  circle  E'  W  will  be  the  normal 
component  of  which  the 
s^pace  described  by  B'  in 
revolution  is  the  resultant. 
The  other  component  is  in 
})lane  GG  and  therefore 
inert. 

In  Fig.  6  B'A  is  the 
plane  of  inclination,  B'  W 
the  line  of  direction.  B'  Wje 
is  therefore  resultant  of  which 
B'm  and  B'n  are  compo- 
nents. 
As  B'm   :  B'  W  :  :    sin.  hit. 

:  rad. 
.-.  B'm  =  B'W  X  sin.  lat. 
and  the  lateral  resistance  of 
point  B'  may  be  expressed 

{3)  .  .  .  .  the  plane  A"  and  >S'.     /•  =  cos.  lat.  X  1. 
^4)  ....  the  plane  E  and  W.     r  =  cos.  lat.  X  sin.  lat. 

We  have  now  to  consider  tlie  plane  BAC  in  any  j)ositi(>n. 


FiK.  6. 


Fig.  7. 


JV 


"^'"''^'^^ 

~f^- 

^ 

J3 

The  plane  of  inclination. 

The  normal  component  B'm,  or  amount  of  resistance  encountered 

by  the  point  B',  Ls  determined  by  the  angle  AB'Woy  its  equal  B'AO. 

It  is  evident  from  the  foregoing  rea.soning  that  any  point  in  the  plane 

GG',  Fig.  5,  as  for  example  F,  will  have  resistance,  /•,  measured  l>y 
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Fig.  8. 

• :  1 1 : 


tlic  cii'fle  described  by  it  or  the  radius  otthat  eirelr,  multiplied  by  the 

normal  eomponeut  of  the  lateral  resistance  to  that  plane.     It  is  then 

neces.sarv  to  aseertaui  the  au^jle  made  by.  any  plane  pairing;  through  A 

with  the  plane  of  the  earth's  rotation,  K\\\  and    the   position  of  the 

]>oint  B'  in  that  plane,  to  find  the  value  of  /•. 

(,;  -..>,[;i!..  M,.,,ft  '>•'.'  In  FigH.  land  8det  c  Im?  the 

eoi^ine  of  latitude,  BM  the  sine 

of   latitude,    FiOM  the    i;iven 

1/,'  angle  of  the  plane  of  vibration 

;jb  l/rv/  >>.fii[|'j 'jfil  «<i  .fi  from  /-.'and    IT,    />//  the 

!   itHrde  of   latitute  at    l>.      .lojn 

AO  and  di a w />W  perpend ic- 

o   ular  tO;  lidtd^.i;    Join    AB  and 

^  SB.     BXM  will  be  the  angle 

of  inclination  of  the   |»hmc  jX^p,.Xo  x{m^u\\nx<^  AMO.     It  is  r('<iuircd 

to  find  this  angle.  ,  , 

'in  rnxrn  J>'>r'   ' 

r  :   ,/  ::  X  :  z     .'  . 

_.,MV,,t    •r/i'\fu\{'. 

.t'=-~    =  <.'0!>.  e^;  X:0(W-ill^.   m!i  'ihil /. 

y  - 1      ■         .  ■ 

,  .   ,        *  '     .  1     V-        1         u   I 'J  /  '(I  i!   'Ill  I  „7lit;vl  !'ii;''   I     ,.  ,v 

in    whicJi  a  =  .azimuthai  angle, m    the  plane  or    vibration  trom  ii 

an<l    U    and   .>•  ^  cosine  oi  any;le  pi  inclination  of  plane  ot   vinration 

,  -    ,  ,  ,  .       ii   rMiilt'dii  -mIi  , tiniiTv    In  -' 

to  plane  (ji  the  earth  .s  rotation.        i        i      ■  i      i 

Substitutiiii":  this  value, of^'a  in  Equations  (1l  /2)'  (3)  and  "(it  ihV 

y-eneral  formula  for  the  initial  latei*al  re,si.stanee.oi  .i)0int  ij  will  be 

P_  '   •■\'^'-    I      I  m.k;    Mil!    1.,  n,.ilM,t^f..|iii!    ..il)  ,,!    :    . 

(o) '•=^'"'^-'^^t-;,><.|f  J-(9f^..^(lP><;,ps.Mf..,r,  .4Mibn-xp...>      i- 

while  the  deviation  of  (7„jjS  ,j,,i„.||i.,;.,o  •»<,  .,,j„y.,  .„[,  ^„oiliiolob  'to  i,-     • 
(b)  .  .  .  .  f/  ^  sin.  'lit.  .,[,|^.^j.,,^„j  ^j  vjivil<[}|f'^  ,')finl<|  nofii/iio'»  n  ;■! 
I  '''^'■'  Tkfi  Ef*FE(VriVj'f  liifiiiWi^l'jjG' ^jytr.'^"^^''  i*^" 

Let  lis  iipw' cpiisider  tlie  applica^ioiiof  4hTs  r^istinj^'IfWi^c'jfcl' in  the 
pcrformanee  of  'ttie  jwiuhi'liini.  It  lias  been  arguc^d  tliat  an  hilgm(!n- 
tatioii  of  the  angle  fi  arises  from  it  and  dbserved  results  of  this  angle  of 
deviation  are  in  exc^4s  6^  the  caleiilatetl  cUifa.  T^i us  iit:"K^6w  Haven, 
hit.  4P  18^'  X.,  the  calculated  angle  was  9-92.S°  per  hour  (T.yman) 
observed  any;le,  i>*l*7.  J  f  this  t  h  cor  v  were  true.oiu' formula  predicts 
a  deviation  when  the  pciiduiuiu  vibratc.s'A.  and  S.  at  tjie  equafor  I ,  Is 
observation  in  acconhuice  Avith  this  fact? 

A  more  rational  exijlanation  seems  to  be  furni.shed  iu  the  ellii)tieal 
motion  of  the  pendulum  after  stiirting. 
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In  Fig.  9   let  Cc  represent  the  original    vibration,    at  the  end    ot" 
given  time  let  the  lateral  resistance  be  indicated  by  BB' .     The  vil)ra- 
tion  about  B'  ha\njig  regard  to  the  persistence  of  the  plane        j,.^  ^^ 
C'e -will  assume  the'ellijKse  \diose  oentre  is  at  B'  and  foci  at 
C'andc'. 

If  this'  thedry  is  true  Me  have  these  elli|)scs  in  the  same 
latitude  of  different  magnitudes  in  the  same  time  when 
the  pendulum  vibrates  X.  and  S.  and  E.  and  A\'  At 
the  equator  the  (xdu jugate  axis  will  be  maximum  X.  and  S, 
and  0  E.  and  Wl:  At  the  [X)les  the  ellipses  will  disapjx'ar. 
In  general,  the  magnitude  of  the  minor  axis  will  be  deter- 
mined bv  the  latitude  and  the  angle  of  the  vibrating 
plane  of  the  pendiihim  from  ©.and- W.,  all  of  whit^  ' 
may  be  inferred  from  the  fcii^e^oing  formula. 

AC<  iDEN"f  Ar.    ELLTPTK  fTV. 

The  foregoing  results  are  based  upon  the  su])])ositi(iii  tliat  the  j)cn(l- 
ulum  at  starting  receives  an  impulsive  force,  apj^lied  at  the  centre  of 
oscillation,  while  the  penchilum  is*  at  rest  in  its  axis  of  vibration,  .1  B, 
Fig.  1.  Practically,  this  i:?  never  achieved  in  experiment,  and  an  acci- 
dental Lateral  force  IS  t^'e.  resntt.  .' Jhe  aetejiition  of  itTie  pendulum  out 
t>t  the  axis  oi  vibration,  the  method  usuaUv  emploved  m  startini>-  the 
experiment,  may  be determined  in  die  taugentral  fctrce  of  Prof.  Staidey. 
But  the  most  fruitful  sources  tn  accidental  ellipticjtv'are  pmbablv 
owing  to  the  impertectiQii  of  the  4J0int  of  supportj  and  the  torsion  ot 
the  siL<]K'nding  mediiiiti. '  In  tH6  liltter  hu 4 hod  (if  startTiig!  unless  the 
point  of  detention,  the  centre  of  oscillation  and  the  axis  of  \ibration 
are  in  a  coiunKm  j)lane,  ellipticity  is  inevitable.    '*'  -'"^  =  ^ 

The  best  results  I. hay e  oI>taiJied  were  by  using  the  rigid  pendulum 
and   c|attipii^gjl^^(^osf^-piyc;e_dyscr^^^    in^  tliy^^-Sin^^  Pendulum," 
JouR.^P^Ni^l^,  Ip;^.,  ;^ol., cn^^fP^  j4ig,  so  ji^ 
to  one  plane.     On  releasing  the  cross-j)ioi'e^  this^.pltine  of  .vibration 

^^V§*Fpv^i;^c^rl:f,,ftpe,  fr^l|i  ^c;yi^^ 

^      ii"'i     I"'    ^  ^  - '  -  •  I L  - 1 ;-//    mI  V 1 1 1 J    i  lu  U  J 1  \uUi'  <    '>rlj  ../.        •    , 

Coloring  to  Milk. — It  appears' iW  milk  is  dy<?(raec^r(1in'g  to  the 
food  given  to  the  cow.  If  fed  with  ..4 nc7t*/W  7/?/c'foW«  they  vield  a 
blueish  milk,  if  with  Bheum  ^falinatum  a.yel[o\vmh,i\m\  if  with  madder 
or  bed  straw  ( GV/Z/cm)  a  reddish. —  Chan.  Xevf!. 
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ON  thp:  measurement  of  tidal  heights. 

A  METHOD  PIIOPOSEI)  TO  ELIMINATE  THE  ACCIDENTAE  ERRORS 
nCCASIONED  15V  WAVE-MOTION  IN  TIDAL  OliSEHVATIONS,  AND  TO 
OBTAIN,  UNAFFECTED  HV  .SAID  ERROItS  AND  AT  (ilVEN  INTERVALS 
OF  TIME,  THE  REAL  TIDAL  HEI(;HTS  OF  THE  SEA  LEVP^L  FROM 
A    GIVEN    PLANE    TO    WHICH    SAID  OBSERVATIONS  ARE  REFERRED. 


Bv  1..  d'Auria. 


V\ii.  1. 


Let  a  ve.s.sel  T'(Fig.  1)  be  immersed  Jiiul  fixed  in  the  sea,  and  the 
water  entering-  it  tluougli  a  small  orifice  (),  placed  at  its  bottom.  The 
sea  snrface  being  afi'eeted  by  wave-motion,  it 
will  osciHate  on  the  ontside  of"  .slid  ve-s-^el  verti- 
cally;  an<l  if  the  horizontal  lines  LL  and  NN 
repre.^^ent,  res})e('tively,  the  su|)eri(>r  and  inferi<tr 
limits  of"  the  O'^cillation  there,  the  velocity  of 
the  .<ea  snrface  on  the  vessel  will  be  equal  t<> 
zero,  and  it  will  be  equal  to  its  maximum  when 
said  surface  reaches  its  middle  })osition  MM. 
Inside  of  the  vessel  T'the  surface  of  the  .sea  o.sciI- 
lates  too,  and  whatever  may  be  its  oscillation,  it"* 
middle  j)osition  will  coincide  with  MM.  hidi- 
cating  by  the  horizontal  lin<'s  Pl\  Q(^^  respectively,  the  snj)cri(»r 
and  inferior  limits  of  the  internal  o.'^cillation,  the  vel<M-ity  of  the 
<c;i  <nrf:ifc  inside  of  the  vessel  will  Im-  <H|Ual  to  zero  Avhen  in  tho.sc 
limits,  and  will  be  e(|nal  to  its  maxinunn  when  in  the  middle  position 
MM.  But  a<  this  velocity  depends  upon  the  head  of  water  on  tlie 
orifice  (>,  when  this  is  cipial  to  zero,  or  when  the  external  level  is  in 
<-<^tin<-id('ncc  with  the  internal  one,  the  velocity  of  the  latter  will  be 
ecpial  to  zero  ;  therefore,  this  coincidence  will  take  place  in  the  lines 
Pl^,  Q^^,  and  it  will  be  easily  imderstood  that  when  the  coincidence 
takes  place  in  I'P,  the  external  level  miist  be  in  its  descending  |>ha.se,  and 
it  nnist  be  in  its  ascending  phase  when  the  c«»incidencc  takes  place  in  (^(^. 
From  the  foregoing  resnlts  that  the  head  of  water  on  the  orifice  O 
nin>t  he  e<|nal  to  its  maxinnim  when  the  internal  level  reaches  its 
middle  position  MM.  Xow  sn]»posing  the  external  level  in  coinci- 
dence  with   the    iiitenial   one    in    /'/',   or   in    VV  •'    '"'•'    rej)resenting 
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bv  /  the  period  of  the  waves,  in  ^f  the  internal  level  will  pass  from 
PP  or  QQ  to  MM ;  and  in  the  same  time,  it  is  evident,  the  external 
level  will  j^ass  from  PP  or  QQ,  res})eftively,  to  a  i)osition  which  will 
be  above  J\'J\'  or  below  LL  ;  therefore,  the  maximum  head  of  water  on 
the  orifice  0  will  be  less  than  the  distance  between  il/J/and  LL  or 
between  J/J/ and  XiN',  which  we  indicate  bv  r ;  and  the  maximum 
velocity  of  the  internal  level  will  be  less  than 

SIX 


1    2^. 


in  which  *S'  is  the  area  of  the  cross-section  of  the  vessel  T';  .s-,  the  area 
of  its  orifice  0;  and  u  the  co-efficient  of  efflux  for  said  orifice. 
Taking  for  mean  velot-ity 

1  SfJt 

2  'S 


1     2gr 


su 

-L-  =  m 

S 


iiud  putting 

the  amplitude  of  oscillation  of  the  internal  level  will  be 
X  =  ^tm  ^    2g I'. 
■  But  from  the  Hagen's  experiments  on  sea  waves  results 

^  9 
therefore 

.(■  =  \  ~m  r. 

The  weather  and  the  situation  in  which  tidal  observations  are  taken  are 
such  that  it  is  quite  enough  to  assume  /•  =  0"",  50,  or  2r  =1",  00,  as 
the  maximum  amplitude  of  the  waves  during  the  observations.  Taking 
in  =  2-2W'  ^^'^^^  '""  •'■  =  ^"j  00035 ;  and  Avith  these  data  we  can  con- 
sider the  internal  level  as  being  quite  unaffected  by  wave-motion. 

Xow  to  investigate  the  movements  of  this  level  by  the  tide  effect,  we 
can  suppose  indifferently  the  surface  of  the  sea  as  being  unaffected  by 
wave-motion,  because  this  supposition  does  n(jt  change  at  all  the  condi- 
tions of  the  water  in  the  vessel  T';  but  we  cann<»t  say  the  internal  level 
moves  the  same  as  the  external  one,  just  for  the  same  reasons  the  effect 
'•f  wave-motion  has  l)een  eliminated  in  said  vessel;  and  mc  can  see  a 
jji-iori  that  during  the  How  the  internal  level  will  be  below  the  exter- 
nal one,  and  during  the  ebl)  the  external  will  be  below  the  internal. 

Let  /  be  the  distance  Ijetween  these  levels  at  a  given  instant,  and  //' 
the  velocity  of  the  external  level ;  the  variation  of  /  in  the  following 
instant  will  be 


-iioijjr/'iw-.di 


L'presont!?  the' relative  velotitf;  of  one*  level  in  reference  t<> 

(;}  l)in;  iiiiir/-.')')')!);^  "to  'i'>lt't<>  fii  bor- 
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,11  =  (U  (  w  —  m  If  —  m  }  'WfyT) 
Ircni  wliicli 

W  (l  -r-  fn)  ^-^  m  1     2r//,p=,  —  =  h:. 
.jij^l  liit  <>1  y<l  lliv/  (lor- 

.'      '  2f7m' 

in  which  ii  ro] 
the  other. 

The  velocity  ofw  becomes  ccjual  to  ;^er(')'at  the  liigli'aM  Ibw  water, 
therefore,  at  a  cei'taih  iiiterinediarv  jmsWion  of  the  ilrteii^Val  level,  it 
must  he  e([iial  to  its  ma.ximum.  Xow  if  we  indicate  by  H  the  diifei'- 
ence  of  heights  between  iiiuh  and  low  watt-i-,  and  In'^Tthe'tim^  between 
these  positions,  the  mean  valnc  of  ir  will  be 

II 

and  the  ma.ximuni  vahic  of  ir  will  be  approximatelv 

As  the  maxinmm  value   oi"  /  (•oiTespo^(jl:^i,to,,«t',  =  .H^,and  u  =  <>,  it 

Th.e  maximumvaJue.  of  tt  is  a}){)roximately')vi)iHO((  gHiJiKO'i  vi  . 

•  ;•;!   •)(!   Uhi  \   riciilyvTi^' '4ii;_^/8Lfify'(l -^irni*)?  u  viroohv  oH-t 
I   )r.(b  iroi)j5?)(>iKfio-)  y^bn^fiP^'l 
therefore,   the   valu('  Af  7;'wWi\-Ji  ■('(>i^rfef«!jj/)tfd4  =  0,  trii'l'  be  not 

greater  than  '  f"'^"'  ^^'<vv^^y' -"l' 

If  this  value  i>  mi   -mail   as   t('>  bi^'^heglected   in  eijilculations,  we  can 

a.'^sume  that  for  ir  =  0,  also  /  :=  0;  and  in  >>\xvh  cust'  the  high  and  low 

water  of  the  internal  Icvef  will  coincide  in   heijjlits  and  liitics  with  the 

high  and  low  water  of  thv  external  fevet.      P<»r  Intermediary  positions 

>f  the  sea  level,  the  value  of  /  will  be  then 

f^^^i^rr^^       .        .        .        .    (1) 
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in  which   ir  can   be  changed   for  the  velocity  <»f  the  internal    lexel^ 
becanse  the  latter  being 

«    n-ni  --  m  |     2r/l ; 
it  becomes  ir  when,  instead  of  /,  we  snbstitnte  the  valne  (1). 

The  conclusion  will  be  to  take  tidal  observations  from  the  level  of  the 
sea  in  the  vessel  T",  to  avoid  the  accidental  errors  occasioned  by  wave- 
motion.     These  observations,  wl»icii  we  indicate  bv 

f'o)   ^iJ  , fa*. ^3nr,-;  .,;•..,■'      •      ''n> 
registered  in  f»rder  of  succession  and  taken  at  equal  and  small  intervals 
of  time  dt,  between  two  consecutive  passages  of  the  moon  through  the 
meridian,  will  uive  us  the  value  of  ?/;  corresponding  to  each  of  them^ 

'^  ■      !<_>      li'.J  ji-(,(  j  1  '^ 

bv  r       •  M- 

7  7  U'fii  'yjr    tr  ■/  ,  ,  ,  , 

''n    ''O  "O   "l  ''l    ''■•  /',„_I, —  /'„," 

1/.      a  U  .      „.      u  1   ,     j^      1  -    .  ,,.    ——      V"      '  " 


ot  of  of  of 

and  after  the  corrections 

/  _  ""o^  (1  —  "0' .  /  _  ''"i"  (1  ^^«^.    '  /    _  'i'u^  (1  — '")'  . 

2f/m-  2gnr  ,  2c/m' 

•;,;,::>'■  .VI'  ii;  -^j   []\//  -i^    T(  ■  •mlr. 
which  serve  to  tind  the  real  tidal  heights  of  the  sea  level  trom  the  [jJaiie 

to  which  the  observations  have  been  referred,  unaifected  bv  the  accidental 

errors  occasioned  bv  wave-motion,  and  corresponding  to  each  intt^rxal 

of  time^f.     Thei-'Sregivfen^"!-"'"^'  '"     "  '    '  """'''•' '^     ''    ' 

in  which  the  sign  (^p)  an^  bie  ilfislibr  decreasing  heiglits,  and  the  sign 
( — )  will  be  used  for  increasirig  heights  ;  or  iii  other  words,  when  the- 
velocity  ic  results  })ositive,  the  con-ectipn  /  will  Ik?  taken  negative ;  tuid 
Avhen  the  velocity  w  results  'ne^dtive^tlW  correction  I  Avill  be  taken 
positive.  [This  results  from  the  consideration  that  the  internal  level 
during  th^;liow  of  the.,-^u,i^,.^i^>iiV,^iHVl^'*r^iig  fj?e,?^b, is, higher  than 
the  external  level.]  , 

Now  the  whole  (juestion  is  to  'jJi'UVe  that  the  (luautity 

,  _    32^* 

(q  — : : 

.-.tloiti;[|)-»If{')    lli     I)  ij)')!:.  Ji-^  '"i  ^/    -i;    WsiltHf.    Or'.    >.i  Ouli:/  i-.flll    tT 

IS  rejdlv  very  small.        ,  •>  ,,        \      i     ,.  ,       ; 

Calculatmg  for  a  tide  ot  H  =;  4"",  00,  and  substituting  m,=  ^^rW,. 
observing  that  T  =  22250  seconds ;  M'ill  be  found 
'  '  '/o='()'^' 0000088:  ""i  '" 

The  practicability  of  the  proposed  method  seems  fully  assured  by  thc.-se 
figiu-es,  and  we  hope  it  will  be  taken  in  consideration  by  all  whom  it 
may  concern. 
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STEEL  F^OR  SHIP-BUILDING. 


By  John  Haug,  Marine  Architect  and  Engineer, 


TJie  great  j)ntgres'^  made  in  the  nianufactnre  of  steel,  permitting  it** 
j)r<Mhicti<)n  in  hirge  (juantities,  i)t"  ])eri'ect  uniformity  and  homogeneou.s- 
ness  of  .-^trnctnre  at  moderate  prices,  has  caased  a  more  general  appli- 
<-:»ti<>n  of  this  material  in  cti-ses  where  lightness,  condjined  with  strength, 
is  an  important  object.  Thus  it  ha.s  already  been  used  for  moving 
j>art.s  of  machinery,  steam  boilers,  bridges,  for  .ship-building,  etc. 

For  stcameiN  of  shallow  draft,  where  the  utmo.st  lightness  is  the  Hi-st 
<jue.sti(tn  to  be  (-((nsidered,  its  u.se  has  In-en  almost  comjndsory,  but  its 
general  application  for  ship-building  did,  for  some  time,  not  make  very 
rapid  progress.  This  has  niaiidy  been  due  to  tlic  over-zeal  of  its 
advocates,  who,  using  steel  of  the  high  tensile  strength  of  forty  to 
forty-two  tous  j)er  sipiare  inch,  and  reducing  dimensions  in  pro})ortion, 
sodu  found  that  its  brittleness  and  want  of  (hu^tility  made  it  (piite  unfit 
tor  use,  an<l  altogether  iiiireliable,  besides  recjuiring  the  utmost  care  in 
lie:iting  and  working. 

After  a  great  nundter  f»f  ex|)erimental  tcst.^,  and  a  still  greater  num- 
ber of  j)ractieal  failures,  a  mild  steel  of  from  twenty-seven  to  thirty- 
one  tons  tensile  strength  i)er  scjuare  inch,  with  an  elongation  of  twenty 
per  cent,  on  specimens  of  eight  inches  length,  w:us  found  to  be  most 
suitable  ami  eutirelv  n-liable,  and  requiring  oidv  ordinary  care  in  its 
treatment. 

Ihe  rules  (if  "  Lloyd's  Register  of  British  and  I'orcign  Shipping" 
(as  well  as  <itlier  cla-^sification  societies)  now  recognize  the  above  mate- 
rial as  a  sulistitute  for  iron,  and  permit  a  general  reduction  of  twenty 
}»er  cent,  in  tliickness  of  plating,  <raines,  etc.,  from  those  prescribed  foi' 
iron  ships. 

To  show  the  j>rofit  which  the  shi|>-owner  may  derive  fn-m  the  appli- 
-<"atioM  of  this  material  to  a  shij),  the  following  e.\ann)le  of  a  trans- 
.\tlanti<-  freight  steamer,  carrying  .'3500  tons  (dead  weight)  is  given. 

If  of  iron,  the  hull  will  weigh  about  2")()()  tons,  and  the  entire  ship 
will  cost  about  :!?;i50,0( )( ) ;  of  steel,  the  hull  will  weigh  2000  ton.s,  the 
total  cost  being  $380,000. 
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Excess  of  cost,  $30,000 

Interest,  6  per  cent. 

Depreciation,  etc.,  6  per  cent. 

Total,  12  per  cent,  on  §30,000  per  year,       §3600 

Extra  earnings. 

500  tons  cargo  out. 
500         "  back. 


1000         "  on  round  trip. 

Assuming  10  trips  per  year,  Avill  make  10,000  tons, 

at  $3.00  average  freight  per  ton,  §30,000 


Makes  extra  net  profit,  S2G,400  per  year^ 

or  9*428  per  cent,  on  entire  cost  of  ship. 

Thus  it  will  be  seen  that  a  steel  ship  would  pay  a  handsome  profit 
where  an  iron  ship  would  just  pay  expenses. 

In  other  classes  of  ships  the  advantages  of  using  steel  will  be  found 
in  different  directions.  In  river  steamers,  tugs,  etc.,  if  greater  carrying 
capacity  were  not  required,  the  dimensions  of  the  hidl  might  Ix-  reduced 
to  an  extent  corresponding  to  the  reduction  in  weight,  thus  permitting  a 
reduction  in  cost,  in  power  and  in  consumption  of  fuel ;  or,  Avitli  tlie 
same  j)Ower,  greater  speed  would  be  obtained ;  or,  the  same  dimension.^ 
of  hull  would  secure  a  lighter  th'aft,  etc.,  whichever  would  Ix'st  meet 
the  requirements  of  a  particular  case.    • 

A  few  words  might  be  said  about  the  comparative  durability  of 
steel  and  iron.  Earlier  experience  with  steel  of  a  high  tensile  strength 
had  shown  that  this  material  corroded  more  rapidly  than  iron,  but  later 
experiments  with  mild  steel,  such  as  now  used  for  shii)S,  have  given  a 
contrary  result. 

Mr.  Henry  Bessemer  (inventor  of  the  well-known  process)  immei'sed 
a  number  of  pieces  of  steel  and  iron  plates  in  diluted  acid,  and  found 
that  the  iron  was  acted  upon  in  a  very  irregular  manner,  being  deeply 
furrowed,  while  the  steel  ahvays  showed  a  smooth  and  uniform  surface. 
Some  later  experiments  made  at  the  Terre-noir  steel  works,  in  France, 
showed  that  the  comparative  corrosion  of  difi'ereut  specimens  of  steel 
varied  almost  as  their  respective  percentage  of  carbon.  Steel  contain- 
ing more  than  ^  per  cent,  of  carbon  corroded  more  rapidly,  while  that 
containing  less  showed  a  less  amount  of  corrosion  than  wrought  iron. 
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TIktc  (-an  1)0  no  doubt  that  the  use  of  steel  for  .ships  will  inerea-^ie 
also  ill  the  United  States.  Steel  nutnufrtotutetB  in  Pittsburg  have 
alnadv  tilled  extonsive  orders  for  Western  boat  buildeiN  with  success, 
:tn<l  at  stieh  moderate  rates  that  it  can  fairly  eonijH'te  with  iron. 

Ji.jii;  jbiiiii  -.f.il  Itiolnli  M)  ^'/'luvi  lo  iioiU;)iini  '.»-i'|-i  j, 
n  .-.:    --•f'j>l0(Ef^lj^UXiOIfl3>'J'«'««  Viovi  0(1]    li'  - 
lUn)<l\^     U     -r.      /invi   Ol  loi'I-JIff/;*  d'niKi   - 

'^*It  *je^irt«  W  'me;''  reinavked  a  geiitlenijin  Wife  otW  day,*'  that  about 
evm'thintr  we  have  now,  except  what  we  eat,  is  made  oiit  of  celluloid." 
An  invcstigjition  of  the  subject  almost  tends  to  ])ersuade  one  that  this 
<tatemcnt  is  sciiFcelv  't^xa^gera'ted'.'  AtHhoiigh  celluloid  was  invented 
nine  or  ten  vears  ago  (bv  two  Vyrothers  uanK-*!  Idyatt),  its  perfected 
manufacture  has  been  reguhirly  in  pi»gress  f<>r  only  about  five  years, 
tind  is  eonsiidei'^lt<v  'bte'SIJll-lwUt*'  inftVtKtV  I'lyeiimmenst*  (juantities  of 
the  subs-tanee  are  produced;  if  i.<Yi>uverted  into  a  wouderfid  variety  of 
fm-ins,  aud  new  modes  of  applying  it  aiv  diwovered  ahno.st  daily. 

(Vlluloid  is  a  conipo.sition  of  fine  tis.<uc  ^■Ki])er  and  camphor,  treat<'d 
with  ('hemic5ii.«  byft'  '])Ateiltod  "ptttt<e.'4>il''Airatlier"rn)mmou  impression 
that  it  contains  gun-<'Ott(m  is*  a  mi'stnlvc,  whT^-h  arises  from  confounding 
it  Avith  collodion.  (Vlluloid,  it  is  said,  is  entirely  non-explosive,  and 
burn<  onl\  when  in  din>ot  eontfict' with'fianiei.  When  cnide  it  looks 
like  a  transparent  gum,  and  its  color  is  a  light  yellow-brown.  It  can 
be  made  as  hard  as  ivoiy,  but  is  always  ela.'itic,  and  (-an  be  readily 
mouldc<'l '  iiWo  6Veiy  con(^ivab!fe  fortti/'  Withi'6i(|«al''tofei^  it' can  l)e 
crtlbrcd  lit  ktiV  tint  desiit'd,  the  dye  mnnltig  througli  the  entire  sub- 
stance, and  being,  therefore,  iueftiiceable. 

'^'  All  the  celluloid  made  ife  ptv)duced  br  a  .•single  company,  Avith  facto- 
ries^ in  Newark,  N.  ;F.  ■  This  <'OmpaiTr  makes  only  the  raw  mat<'rial, 
which  it  sells  to  varioitM  niamifilcfuring  com))anies  for  so  much  ]>er  |K>und 
and  a  ntvaltv  on  tlieir  net  sales.  Xo  one  can  buy  it  unless  the  pnwluc- 
ing  com]mnv  de^'ides  to'glte'hiiu  a  lr<*(«ftH^, -whidi  *«;  grante<l  only  for 
the  |iur|)ose  of  making  ■ion^e  new  article  that  will  not  inf<'rfcre  with  the 
trade  of  the  co?npanies  alrea<ly  licen.sed.  A  number  of  large  <'orpora- 
tions  are  now  eugaged  in  the  various  branches  of  manufacture  foi-  which 
c<'lluloid  can  be  employed. 

The  cost  of  the  crude  article  to  the  buyers  is  regulated  by  the  pro- 
ducing com])any  according  to  the  use  to  l^e  made  of  it  and  the  c^m])e- 
tition  met  with  in  other  materials.      For  instance,  $4  or  !?5  ])er  pound 
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are  charged  for  celluloid  which  i,s  to  iiuide  into  jewelry,  while  only  ^2 
are  charged  if  it  is  der?igued  for  umbrella  Iiandle.<,  though  there  is  no 
diiierence  in  the  quality  of  the  substtuice.  In  consequence  of  this  sys- 
tem there  Ls  a  similar  wide  variati(.»n  in  the  cost  of  the  manufactured 
articles. 

As  a  ch>se  imitation  of  ivorv,  cellnloid  ha.<  made  great  inroads  in  the 
business  of  the  iv(jry  manufactures.  Its  makers  assert  that  in  dura- 
bilitv  it  is  much  superior  t<»  ivory^  as  it  sustains  hard  knocks  without 
injury,  and  is  not  discolored  by  age  «>r  use.  Great  (juantities  of  it  are  used 
for  piano  and  organ JveySj.tM.tJie  manufacture  of  which  one  company 
is  devoted.M.So  (^ijjtemg^ve  i^)j|fcf»ti?**'i<)r  this  pm-pose  that  the  ivory  nian- 
ufacturei*s  have  reduced  their  price  for  keys  Ijelow  that  of  celluloid,  in 
the  hope  of  checking  the  comjietition.  '*  It  is  only  a  question  of  who 
can  hold  out  longest,"  stiid  a  celluloid  manufacturer  ;  "  but  we  can  make 
our  own  elephants,  and  tiie  ivoryiniei^  h^ve  got  to  catch  theii-s." 

Billiard  balls  are  made  of  celluloid  at  half  the  price  of  ivory,  and 
are  said  to  l>e  e<.|iudly  elastic,  while  m(»re  durable.  Large  amounts  are 
used  for  coud)S';of leMeiiy(iY(afiQty^ifo«ii^h^,l}a9^g  of  briishes  ajid  hanrl- 
mirroi*s,  and  for  all  kinds  of  toilet  articles  wliich  ivory  is  employed  for. 
Even  a  iine-tooth  c^wnl^  made  /tf  celluloid  is  tweJity-five  pei"  centum 
cheaper  thaw- ivi^vy,  ^iHlftiiu  4firg0!  pi€!C^$,.g,tK'|iiias  )the,t)acks  of  hand- 
gla.sses,  the  difference  in  price  is^enormous.  Among  many  other  arti- 
cles in  which  celluloid  Uikes  tlie  pla^x'i  of  iyory  or  india-rubber,  are  whip, 
cane  and  umbrella  haueUe»>,  evej-j/ kind  of  harness  trinmungs,  foot-rules, 
chessmen  and  the  liaadlet^  (A'  k>>ives  and  forks.  Its  use  iu  cutlery  is 
said  to  be  esjXM-iaUjiid^i^ble^ra^it  |h  i^crd^M.<>>;i.4^¥?ftlorfitl,^))^  hot 
^vater.  ..,[rl,; .  .'■riorti  ..-t-t  .-nrf-t  ...fr|M.(  I,,:, ;  • 

India-rubberi,,i^,H,ge»w?yHl, rule,  holds  its  ground  against  celluloid,  a.s 
the  latter  cannot  be  sold  so  cheaply.  The  celluloid  is  said  to  be  much 
more  durable,  however,  and  it  Ls  superior  for  pencil-cases,  jewelry,  etc., 
where  gold  mouuti^gl:>f^T(^f^f^ed,flgjJ'doefi;jo,ot  tarnish  tlie  metal,  whereas 
the  sulphiu"  in  india-nil>l>er  tarnishes  gokl  which  is  less  than  eighteen 
carats  tine.  Tiie  freedow  of  cellii)oi<l  from  sulphur,  and  the  natural 
flesh-color  ]sylucji  c^,b?>Anjfi)art^,t(i>,  it!,  hav^  caused  it  to  be  extensively 
substituted  for  india-rubber  in  the  manufacture  of  dental  blaidvs,  or 
the  y;unis  and  other  attachments  of  artificial  teeth. 

Celluloid  can  be  mottlul  so  as  to  imitate  the  finest  tortoise-shell,  and 
its  elasticity  renders  it  much,  less  liable  to  breakage.  In  this  form  it 
L*!  used,  like   tiic   imitation   ivory,  for  c(mil)s,   card-cases,  cigar-cases, 


3^i(>  Celfuhid.  [Jour.  Frank.  last., 

jnatc'li-boxt'!?,  jxK'ketlxjok.s,  napkin-rings,  jewelrv  and  all  sorts  of  fanc}- 
articles.  The  .substance  is  employed  for  similar  purposes  as  a  good 
imitation  of  malachite  and  also  of  amber.  It  is  made  into  mouthpie<^es 
for  i)ii)cs,  cigar-holders  and  musical  instruments,  and  is  usetl  as  the 
material  of  flutes,  flageolets  and  drumsticks.  For  drumheads  it  is  said 
to  be  superior  to  parchment,  as  it  is  not  att'ected  l)y  moisture  in  the 
atmosphere. 

As  a  substitute  for  porcelain,  celluloid  is  used  for  the  heads  of  dolls, 
\vhich  can  be  hammered" agtiinst  a  hard  floor  without  danger  of  frac- 
ture. Beautiful  jewelrv  is  made  of  it  in  inutation  of  the  mo.st  elabor- 
ately-carved coral,  reproducing  all  the  shades  of  the  genuine  article. 
Mo.st  of  the  coral  tints  are  l)right  or  dark  red,  however,  as  the  makers, 
strange  to  .sjw,  have  found  that  excellent  copies  of  the  costly  ])ink  coral 
are  not  in  jwpular  demand. 

One  of  the  large  manufacturing  companies  is  employed  exclusively 
in  the  making  of  optical  good.s,  using  celluloid  in  place  of  tort oise-shelU 
jet,  etc.,  for  the  frames  of  spectacles,  eye  glas.ses  and  opera  glasses. 
The  material  is  extensively  used  for  shoe  tips,  protecting  the  toe  as  well 
as  metal  tips,  and  having  the  apjiearance  of  patent  leather.  By  shoe- 
makers it  is  also  used  for  insoles.  Large  quantities  of  thimbles  arc. 
made  of  it,  and  it  is  said  to  be  the  best  material  known  for  emery- 
wheels  and  knife-sharpeners.  As  a  ground  for  jiaintings,  celluloid  has 
all  the  advantages  of  ivory,  and  i>hotographs  can  be  taken  on  it  which 
are  alleged  to  be  .superior  to  ivorvtypes. 

Within  the  last  year  and  a  half  another  branch  of  celluloid  manu- 
facture has  been  developed  which  promises  to  reach  enormous  propor- 
tions. This  is  the  use  of  celluloid  as  a  substitute  for  linen  or  paper  in 
the  making  of  shirt-cufls,  c()llars,  etc.  It  has  the  api)earance  of  well- 
-tarched  linen,  is  sufliciently  light  and  flexible,  does  notMTinkle,  is  not 
affected  bv  ])er.'<pi ration  and  can  l)e  worn  for  months  Avithout  injuiy.  It 
bi'comes  soiled  much  less  ri'adily  than  linen,  and  when  dirty  is  (piickly 
cleaned  bv  the  a])]»lication  of  a  little  .soaj)  and  water  with  a  sponge  or 
rag.  For  travelers  and  for  wear  in  hot  weather  this  celluloid  linen  is 
especially  convenient.  It  has  lately  i)een  nuich  improved  by  the  intro- 
duction of  real  linen  between  two  thicknesses  of  celluloid.  Shirt-fronts 
have  been  made  of  it,  as  well  as  cuffs  and  collars,  and  it  is  believed 
that  the.^e  will  prove  etiually  dcsiral)le. 

Celluloid  has  been  experimented  with  as  a  material  for  neckties,  and 
although    the   trials   have    not    vet    been  verv  satisfactorv,  it  is  thought 
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that  they  will  eventually  be  successful.  For  hat-bands  and  hat  sweat- 
bands  it  is  a  trifle  more  expensive  than  the  materials  commonly  used, 
l)ut  it  is  said  to  be  better,  as  it  does  not  beconje  rusty  or  orcasy.  It 
has  also  been  used  lately  for  watch-cases. 

There  is  a  large  export  trade  in  celluloid  articles  to  Cuba  and  South 
America,  and  this/  is  constantly  increasing.  They  are  not  sent  t(i  Europe, 
as  the  right  to  manufacture  and  sell  them  there  has  been  sold  to  a 
foreign  company,  which  has  a  factory  in  France. — X.  Y.  Erenliif/  Fosf. 


THE  ''GARY  :\IOT()R." 


In  a  letter  to  the  Secretary  of  the  Franklin  Institute,  I*rofe»sor 
Henry  Morton,  of  the  Stevens  Institute  of  Technology,  remarks  con- 
cerning this  application  of  magnetism  for  the  })roduction  of  motion 
as  follows : 

This  so-called  "(xary  Motor"  comes  before  the  public  in  a  double 
character. 

First,  as  a  perpetual  motion  machine,  which  is  to  do  work  without 
transformation  of  energy.  In  this  light  I  think  we  may  at  once  di.-^- 
miss  it  as  a  fraud  or  blumler,  to  take  its  [)lace  with  materialization  of 
spirits,  and  other  matters,  which  are  not  subjects  for  the  investigation 
of  .scientific  students. 

Secondly,  however,  Mr.  (jrary  appears  as  the  supposed  discovercj-  of 
some  new  facts  in  referejice  to  the  acition  of  magnet'^,  which,  though 
they  certainly  can  no  more  enable  us  to  create  energy  than  to  create 
matter,  may  add  to  our  means  of  utilizing  natural  forces  and  exi.sting 
sources  of  energy. 

In  this  view  his  claim  of  discovering  what  he  calls  a  neuti-al  line 
around  magnets  is  worth  investigation. 

On  looking  into  this  matter,  however,  I  find  that  he  lias  onh-  rc-ol)- 
served  a  set  of  phenomena  which  are  s(j  old  as  to  have  been  descrilied 
in  the  Principia  of  Sir  Isaac  Xewton,  Book  11,  Prop,  xxiii,  Scholium 
to  Theorem,  xviii,  where  I  find  as  follows : 

"The  virtue  of  the  magnet  is  contracted  by  the  introduction  of  an 
iron  plate,  and  is  almost  terminated  by  it;  for  bodies  further  oif  an- 
not  attracted  by  the  magnet  so  much  as  by  the  iron  plate." 

All  Mr.  Gary's  experiments,  which  will  work,  are  readily  explained 
by  the  well-known  principles  of  magnetic  induction,  by  rea.-<on  of 
Whole  No.  Yot..  CVII. — 'Tkikd  Skkiks,  Vol.  Ixxvii.)  24 
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whidi  :i  pit'cc  of  ^oit  iruii  luar  a  inauiiot  is  iiuluctively  mau'iictized  1)V 
the  siiiU'  and  ivaet.-?  iiprm  it,  ami  tlm.-  "contracts  the  virtue  of  tiic 
niajinct""  and  neutralises  its  action  on  e.\tcriur  bodies. 

Tlure  is  no  evidence  whatever  ot"  tht'  existence  of  anv  neutral  lines 
about  a  magnet,  but  the  very  expwiuieutJs  cited;  by,  Mr,  Gary  as  prov- 
ing it  simply  demonstrate  tJiat  in  certain  relative  positi(»us  the  oj)posing 
actions  of  a  jjcruianent  niagnet  auil  a  piece  of  stjft  irou  magnetized  by 
induction  from  it  neutralize  ejich  othei-s  effects  upo}i,i,i  tliil'd  magnetic 
body,  such  as  a  piece  of  iron  or  a  conjpass  needle,, ;t  >t  )iiboH 

Fully  to  work  out  all  the  relati».»n,s  between  the  mutual  acrtions  of 
three  such  bodies  in  any  ea.se  is  of  course  a  j)roblem  of  considerable 
complexitv,  i»ut  bv  no  means  a  new  (tue,  and  among  many  othei>ja  very 
al)le  di><u.s<ion  will  be  found  in  the  J*/ii/(>f<oj>/tii-<i/  TiuaisacfionK  for  1831, 
bv  Sir  \N'm.  Snow  Harri.s  l>age  oOl  vt  .^Wj.^  under  the  title  "On  the 
]K»wer  of  ma.<ses  of  iron  to  control  thfe"fitthil'tiv%  tbi-ce  of  a  magnet." 
An  earlier  memoir  by  the  same  author  appeared  in  tlie  Edinburgh 
]Vi!/f)s(t/fhiciif  Ti'(ins(n-fi(>i)s  for  lS2f>. 


,tri'/-Ur:r;      ilh     iii 

Rain  of  Sap.  On  the  :22d  of  August,  at  4  1*.  M.,  in  a  calm  after- 
noon, with  a  tem])erature  of  24°  [05°^  ^^''ahr.],  and  a  clear  sky,  M.  Ch. 
MiLsset  was  struek  by  t)iQ  ^yolutipus  M'  some^uats  uiMler  tlic  spread- 
ing branches  of  two  fir  trees.  Around  S(jiue  yeiyk-."^,  imder  a  liiiden,  and 
about  .-ome  t)ther  shrubs  he  observed  similar  ^\v;u')ns  of  insects,  but  less 
numerous  j  under  other  trees  there  wyre  no  gnat-j.  lie  then  perceived, 
falling  in  tlie  ,foni|,<)f  ,^'i,4|ii^ft  nun,  i^^jjipmepse  q^iai^tity  of  \^ery  limpid 
drops  which  became  visible  in  the  sun's  rays.  Similar  observations 
were  juade  (luring  tilteen  (lavs,  at  all, hour?<  of  the  day  and  even  in  the 
night  by  lamj)lightj,,|The,^vp  i.s  jus^jjiiid,,  i:plightly  j)urgatiyc,,<:;9lorlc8.s 
at  first,  but  after  standing  some  days  it  takes  a  light  amber  tint.  Tie 
gives  the  following  hypothetical  expliiiuition  of  the  plienomejioji.  At 
the  clo.sc  of  summer  ycgetation  is  chvck^d,  tiic  tissues  are  hardened  and 
cjonsequently  tran.spira'.ion  diminishes  ;  but  the  s:ip  contimies  to  ascend, 
and,  not  being  (!Ui])loyed  in  assimilation,  the  cxce^^  is  poured  out  by  the 
stomata  of  the  leaves.  --C'o//ty>^-*'  RohIu-s.  C 
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Substitution  of  Artificial  for  Natural  Dyes.— In  « losing  his 
report  Tipoii  the  cheniical  pn^lucts  at  the  Paris  Exposition  of  1878, 
(riistav  Engel  anticij>atos  the  early  (lisjjlacement  of  natural  eoloring- 
materials  by  artificial  dyes.  Tlie  discovery  of  artiiicial  alizarine,  indi- 
gotine  and  othei^  siniiliir  ])rodiic*t!'^  j  the  progress  whicli  industrial  chem- 
istry has  made  in  the  apj^lication  of  anilines,  by  ])rocuring  for  some  of 
them  a  ])ermanence  which  was  Avanting  for  some  time  after  their  dis- 
covery, a  permanen^'C,  in  some  cases,  even  greater  than  that  of  the 
natural  j)roducts  for  which  they  ha%"e  been  substituted;  the  brilliancy 
of  their  tints  ;  their  ease  of  application  and  the  important  economy 
which  is  secured  by  their  use,  are  all  indications  of  the  most  promising 
<-hnrM'tei'.—B>if/.  rkM^myyMUisfr.  C. 

Crystalline  Resistance  in  Mother- Waters. — Guided  by  theo- 
retical considerations  Boisbaudran  has  made  numerous  ex[)criments, 
which  have  appearetl  to  show,  among  other  things  :  1.  That  the  action 
of  different  isomorphic  crystals  is  not  the  same  upon  the  solution  of  one 
of  them.  2.  That  the  passage  from  the  condition  of  very  slow  solution 
upon  a  crvstidline  surface  to  that  of  very  slow  increase  cannot  be  made 
suddenly,  by  a  slight  change  in  the  concentration  of  the  liquid,  but 
that  ever}'  fatcereraains  ihtaict, '^'^thbtit  either  losing  or  gaining,  in  a 
mother- water  of  which  the  'strength  varies  ^nthin  several  narrow  but 
•easily  observable  limits.  3.  That  the  resistance  to  change  is  modified 
'  independently  fbr  each  sys^ili  6f  ficte,  so  thkt  an  alteration  in  exter- 
nal conditions  comhionly  produces  a'  cha!nge  in  the  relation  of  the 
resistances  of  two  given  systems  of  faces.  4,  That,  contrary  to  the 
'^^ini'oil  W  .4W.^,''Ml-^  rsM'WBiyne  %ilibrium  betfeh'a  crystalline 
face  and  its  mother- water,  nrt'  continual  exchange  of  molecules,  but 
only  a  continual  erosion  or  a  coiitinual  deposit,  or,  between  the  limits  of 
tebistance,  neither  erosion  nor  dej)6sit.  Some  months  since  M.  P.  Klocke 
])ublished  at  Freiburg  some  t'onclusions  contrars^  to  these,  but  they 
appear  to  have  been  drawn  without  sufficient  vi\re.  In  order  to  con- 
duct the  necessary  experiments  properly  they  shoidd  be  carried  on  in 
a  place  where  the  daily  temperature  varies  only  a  few  hundredths  of  a 
degree.  Each  of  Boisl)audran's  exj^erimcnts  re(][uircd  a  long  time, 
generally  some  months,  and  sometimes  years.  He  worked  in  a  deep 
<xive,  hollowed  out  of  a  tliick  rock,  and  enclosed  by  double  dooi-s. — 
CmnpteH  Rendus.  C. 
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Absorption  of  Water  by  Wood. — K.  .1.  Maunu'ne  tiiuls  that  tlio 
ahf^orption  power  varies  in  iliffereiit  woods,  wIkmi  drietl  in  a  vaciinnu 
ln'twcen  0''37  per  cent,  and  1 74.80  por  cent.  The  niaxinuuu,  174'St) 
j»er  cent.,  or  ^  of  its  own  weight,  is  tbnnd  in  ehestiint  timber.  Tlie 
ni(»isture  contained  in  Mood,  in  its  ordinary  state,  varies  between  4"61 
per  cent,  and  13'o(J  [)er  cent.  Tlie  absorption  power  varies  but  little 
in  difterent  samples  of  the  same  wood. —  Lcs  MomJcs.  ( ". 

The  Velocity  of  Light. — Tliereare  now  in  |)rouress  at  the  Maxai 
Academy,  pre[)aration>  lor  a  scit-ntiHc  investigation  of  an  interestinij; 
character.  Ensign  A.  A.  Mitcholson,  I.I. tj.!^.,  hjivino-  delivi-rcd  a  lec- 
ture upon  "  Light"  before  an  a.ssociation  of  scientists,  made  in  prepa- 
ration for  it  a  series  of  investigations  that  inducecl  him  to  believe  tliat 
he  could  (leterniine  more  accurately  than  is  now  known  the  velocity 
with  which  light  travels,  the  two  accepted  computations  ditteriug  about 
a  thousand  miles  in  the  distance  asserted  to  be  traveled  in  a  second. 
I7nder  orders  from  the  Navy  Department,  ^Nlitchelson  has  erected  tln^ 
a|»paratus  U)  determine  his  theory  practiced ly. 

The  plan  is  essentially  that  used  by  Foucanlt,  with  the  exception 
that  a  lens  ^A'  great  focal  length,  and  a  plane  mirror,  are  used  instead 
fit'  a  conc;ive  ojie.  This  arrangement  [)ermits  the  il'^c  of  a  consider- 
al>le  distance,  and  conseipiently  gives  a  longer  interval  of  time,  which 
insures  greater  accuracy.  The  disj)lacement  of  the  image  of  a  slit  i> 
the  (inantity  to  be  measiu'cd,  and  this  in  Foueuult's  exp'riments  was  a 
I'raction  of  a  millimetre,  and  in  tlio  veioeity  of  light  could  not  Ix- 
determined  with  any  greater  accuracy  than  could  this  displacement, 
which  would  be  a  fraction  of  one  per  eent.  In  the  experiments  made 
bv  Mitchelson  the  db^placement  has  been  increased  to  over  one 
hundred  niillimetres  ;  Jienccs  the  error  intntduced  by  this  mejisurement 
would  ill'  less  than  one-thousandth  of  the  whole,  or  less  than  twenty 
miles. 

Another,  though  not  an  essential  feature,  is  the  use  of  a  timing  fork, 
l)earing  a  mirror  on  one  |)rong,  and  kept  in  motion  by  a  current  of 
electricity,  by  means  of  which  the  .speed  of  the  revolving  mirror  can 
be  ascertained  with  the  same  degree  of  precision.  The  mirror  is  j)ut  in 
motion  by  ii  bhist  of  air  furnisheil  by  a  small  njtury  blower,  whicli  is 
driven  by  a  steam  engine.  By  this  meims  a  very  stea<ly  speed  is  main- 
tained. The  entire  apjjaratus  is  nearly  finished,  and  in  a  short  tinx- 
observations  will  be  commenced  at  Annapolis. 
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Siliciuret  of  Iron. — Tlu'  conmiittee  of  chemical  arts  of  the  French 
^ociet^  fV Enconrdc/emenf  pour  L' hi(his.frie  Xationa/e  lias  undertaken 
the  exaniination  of  the  uses  Avhich  can  l)e  made  of  this  new  compound. 
Prof.  Lawrence  Smith  sent  them  an  inuot  weighing  about  three  kilo- 
grammes [6*6  lbs.],  with  a  color  like  platina  and  a  specific  gravity  of 
6'5.  It  is  easily  broken  by  the  hammer,  does  not  rust  in  the  air,  is 
not  corroded  by  concentrated  nitric  acid,  and  scarcely  by  any  reagents 
except fluorhydric  acid  and  melted  alkalies  at  a  red  heat. — Proch  TV/- 
•boM-v  de  la  Soe.,  C. 

The  Effects  of  Salt  Mining  in  Cheshire,  England.-^A  depu- 
tation from  Cheshire  has  recently  made  complaint  of  the  injury  done 
to  property  in  the  neighborhood  of  Xorthwicli  and  Winsford,  in  con- 
sequence (if  the  continual  eaving  in  of  the  earth  from  the  subterranean 
extraction  of  Ijrine  for  many  years  V)y  the  manufjicturers  of  salt.  The 
dejiutati(»n  declares  that  roads  and  bridges  have  fallen  in ;  that  tiie  gas 
jind  water  pipes  are  broken  and  destroyed  in  many  places ;  that  many 
of  the  houses  are  cracked  and  lean  to  one  side,  in  consequence  of  the 
■continual  undermining  of  their  foundations,  and  that  as  yet  there  has 
been  no  legal  redress. 

Tlie  salt  beds  of  Che.shire  are  composed  of  massive  de])osits  of  min- 
'cral  salt,  buried  in  the  ground  40  metres  behjw  tlw  surface  of  the 
t'arth.  Naturally,  fresh  water  runs  through  the  beds  of  sand  and  marl 
which  cover  tlie  mineral  salt,  dissolves  it  and  changes  it  into  brine. 
The  salt  is  ol^taincd  by  means  of  impermeable  j)i]>es  or  wells  that  are 
sunk  to  the  brine ;  then,  by  aid  of  ])umps  worked  by  steam,  the  brin^ 
is  raised  into  reservoirs,  Avhere  aii  artificial  heat  causes  the  liquid  part 
t<i  evaporate.  The  result  of  these  operations  is  the  salt  of  ccjnnnerce? 
<-onsiderable  quantities  of  which  are  exported  to  Asia,  America,  and  all 
the  countries  of  Europe.  As  there  is  ))um])ed  every  year  in  Cheshire 
about  one  billion  one  hundred  Jiiillion  gallons  of  brine,  the  damage 
which  is  caused  to  pro[)erty  holders  is  not  astonishing.  The  sujx'rficial 
-oil  sinks  little  by  little,  the  earth  of  the  town  becomes  broken  uj),  rain 
water  accumulates,  and  tlie  houses  are  threatenetl  Mith  ruin.  Tlie  salt 
jnanufacturers  urge,  on  the  contrary,  that  they  are  doing  good,  as  thev 
'emj)loy  large  numbers  of  workmen,  and  attract  to  the  district  different 
industries.  This  curious  state  of  things  is  about  to  occasion  in  Eng- 
land a  lawsuit  of  great  imi)ortance,  the  result  of  which  it  is  difheult  to 
foresee. — La  Xature. 
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Researches  on  Hydrogen  Peroxide. — E.  .ScIkkul-. — TIk-  uutlmr 

lias  i  II  vest  iiiu  tod  tlit  Kcluivior  of  hydric  juroxide  Avith  the  oxvgeii  coin- 
poiinds  of  tlialliimi.  He  finds  tiiat  tlialliuin  paper  is  tuviu'd  hrowii  1)V 
rlio  vapor  of  liydric  peroxide  in  eoiise(|nenee  of  the  forinatiou  of  thallie 
oxide.  Jleiiee  the  br«»\vning  of  thallium  test-papers  on  exi)osiire  to 
atinospherie  aii-  is  l)v  no  n^eans  a  proof  of  the  presence  of  ozone. — 

Edison's  Electric  Light. — Tliis  has  been  advanced  a  step,  and 
a  verv  impoitaDt  oik-,  ;is  far  as  the  inVentoi*  is  eonoerned,l)v  the  irrant- 
luir  of  the  [)ateiits  for  the  lani]),  and  for  the  thermal  retrnlator  (»f  the 
current.  From  tlie  speoifieatioiii^,  it  }!<''i'i^AV  ^jositivoly  kucnvu  that  the 
light  is  ])i-oduced  by  the  electric  ineaiidiscenrVof  platinum  and  iridiiun, 
the  exact  melting  jxiint  of  which  has  not  been  iletermiued,  but  it  is 
much  higher  than  pjatiniun  alone.  There  have  'b^eh'lilfdiA-* forms  of 
these  regulators,  all  leased  on  one  |»rinciple,  namely,  the  degree  of  heat 
jtroduced  controlling  the  amount  of  the  current  passing  through  the 
metallic  conductor,  the  light  Jx'iiig  oeeartojuxl  bv.the  resistance  olfered, 
While  tlie  regulator  is  inten^led  to  .]|)iYvent  it  being  heated  so  higli  as 
t<»  melt  it.  Jn  tlu'  ca.se  of  carbon  this  is  impossilde,  and  conseijUt^ntly 
the  light  is  much  greater  from  that  substance.  In  Edison's  regulator 
the  heat  ex|>aiuls  the  lyr  or  |fl^id  ii|.  th^  clij^imlier  con,tainin^  tlie  plati- 
num, and  a  diaphragm  is  moved  outwar(il?i,  wliich  in  its  turn  controls 
the  [)assage  of  the  current  J)y  u leans  of  ie^n|:aet,  IKiints  of  platinum. 
The  diai)liragni  ma,Vi  g^yq  thirt.  i^otioji  tp  a,  ievj^r  or  Spn»g  through 
which  the  contacts  may  be  made.  Meueury  may  also  replace  the  air  in- 
the  tube,  and  to  j)revent  loss  of  heat  by  rad,iation,  two  concentric  glass 
tubes  may  beeinjdoyed  with  the  interv<?ni^ig  space  filled  with  aluin  water 
or  other  poor  c<»iiduct<»r  of  Jieat,  surroiindijis:  the  lii>lit,,whicli  is  veiv 
moderate  compared  with  the  electric  arc.  (Jreat  improvements  have 
l)een  ma<le  within  a  short  time  in  dynamo-electric  luacJiines,  notably 
by  H<)uston-Thoui.s(ni  {jn{j[  otjier  scieii^is|.s,  (^e^^^  a  gmit  degree 

their  efticiency,  mid  in  some  of  the  best  forms  as  liigh  as  sixty  [ht  <'ent, 
of  the  enei-irv,  it  is  said,  is  c<»nvertcd  into  the  electric  current,  leaving 
l>nt  httle  room  ibr  i 1 1 1 pro vqni(;jit,  wliile  but ,  tAvciity  per  (*ent.  i^  wasted 
in  the  heating  of  the  machine,  ct<-.,  which  is  nearly  reversing  the  avail- 
able ))ower  obtained  from  our  best  steam  engines,  where  sevent\-  per 
cent,  jtas-es  np  the  cliimnev  and  is  otherwi.se  not  used. 
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Chinese  Cotton  Spinning. — Tlio  Cliinese  (TovcrnuK'nt  Im.s  l^nught 
machinery  in  Germ;\ny,  and  has  engaged  experienced  engineei"s  and 
spinnei's,  in  order  to  establish  cotton  factories  ot"  tlieir  own,  so  as  to 
become  independent  of  importations  from  Russia  ;ind  England. — 
Fortsch.  dcr  Zeit.  < ". 

Influence  of  Duration  and  Intensity  upon  Luminous  Per- 
ception.— C'h.  llichet  and  Ant.  Bregnet  have  experimented  \\  ith  an 
ai)paratus  which  enal)lcd  them  to  produce  flashes  lasting  only  ^|/^„th 
of  a  second.  They  find  that  a  feeble  light  which  can  be  plaiidy  seen 
when  its  influence  is  continued  for  spfue.  Ijiiue,  becomes  invisible  when 
its  duration  is  reduced.  To  make  it  visible  anew,  it  is  sufficient  either 
to  increase  it<  intensity  or  its  duration,  it  can  also  be  made  visible  by 
repeating  the  feeble  and  brief  illumination  at  least  fifty  times  per 
second.  Colored  lights  obey  the  same  laws  and  are  always  seen  with 
their  proper  color,  wht^fi^f  tte  fiJ-'H ,  4f<Hig  04:  ,\vt;4ilf j,.lou^.  or  >li« >rt.  — 
Comptes  Remluif.         ..,,.,.,.,    .^f^  -v      ^.r,„,((,);  -.fit   uinil-T;;,.;  * '• 
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ing  undertakings  of  the  century,  well  fitted  ib  lank  with  many  attempted 
in  Holland,  not  even  e.\ce[)ting  the  [)roject(il  draining  of  the  Zuider 
Zee,  is  the  successful  accnm])lishment  of  this  work  bv  which  the 
Appenine  Me''6V'pur'  W^^  teijm'e  a"t^liiil^  of  *^He  past;  and 

some  35,066  acres  of 'the  iMchest  land  recovered  for  cultivation.  The 
labor  of  making  the  tunnel  necessary  for  the  task,  and  other  works,  has 
occupied  ne;\rly  a  (piarter  of  'iV  eehturV,  and  Prince  T(»rlonia  has 
expended  on  the  work  more  thdh  ten  millions  of  dollai's.  All  the 
water  has  disappeared  exit^ept  a  small  basin  used  to  drain  the  surround- 
ing district.  The  greatest  length  of  the  lake  Mas  formerly  some  ten 
miles,  and  its  br6at1th  about  ts^'^-'ehy  ^N-hile  the  toU-iife^  6f'  Avez/ano  and 
Pescina  are  no  longer'  in  dangeffrHM  the  silddeh  risiiig  of  tlie  water  in 
this  volcanic  district.  The  idea  of  drainino-  it  is  not  a  new  one,  and 
tMe  remains  of  the  aqiiecUict  coh!4tHi<!;ted  iiiider'tht^  i-ei^ii  of  the  P^mperor 
Claudius  were  formerly  showii  to  the  traveler.  This  has  been  made 
use  of  in  the  present  undertakin"-,  and  after  the  lapse  of  so  many  cen- 
turies the  people  of  this  Appeiiilie  district,  soiiiie' ^2200  feet  above  the 
level  of  the  sea,  are  rejoicing  over  the  completed  work.  Upon  visiting 
the  spot  a  few  years  hence,  how  difficult  it  will  be  to  realize  that  these 
vine-clad  hills  were  covered  with  water  within  so  brief  a  period. 
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Compressibility  of  Gases  at  High  Pressures. — E.  H.  Amagai 

lias  (Xjjcrinu'ntcd  in  a  sliatt  with  a  ik-ptli  of  o80  nu'tiw  [41o*57  yds.] 
ii]x»ii  the  comjiivssiun  ot"  gasos  liy  a  incrcurial  cohuun.  He  reports 
three  .sets  of  experiments  upon  nitrogen:  the  first  was  extended  to  20H, 
tlie  second  to  -V-ii)  and  the  third  to  4o0  atmospheres.  Tlie  results  (»t 
tln>e  three  series  are  remarkably  uniform  and  the  curve  which  reprc- 
-fiits  them  is  ])erfectly  regular,  lender  the  pressure  of  4o0  atmospheres 
the  Vfilume  of  the  gas  is  nearly  a  (piarter  greater  than  is  indicated  hy 
MaiTiuttc's  law,  which  corresponds  to  a  differeiice  of  nearly  a  hundred 
atiin»s|)heres. —  (  'om/ifcs  IiokJii.s.  C\ 

New  Spectral  Rays  in  Samarskite. — I>e  Boisl)andran  has  been 
<  xaiiiining,  by  the  spectroseo])e,  some  samarskite,  which  is  rich  in 
didvmium.  He  observed  rays  or  bands  which  do  not  correspond  to  any 
ImkIv  hitherto  known,  nor  to  the  di'scriptioni^of  the  ripectra  Avhich  hav 
been  rtHvntly  amiouneed  by  Messrs.  J)e  la  ^^^ntainc,  Lawrence  Smith, 
Sorct  and  I)t'  Marignac  The  new  rays,  both  of  emission  and  of  ai)sorp- 
tion.  appeal'  to  represi'Ut  a  single  body.  The  metal  which  occasicins 
them  is  precipitated  as  a  doul)le  |)Ota.ssic  suli)hate  along  with  the  didv- 
mium ;  its  simple  sul|)hato  is  a  little  less  soluble  than  that  of  didy- 
minm  ;  its  oxalate  is  precipitated  before  that  of  didymium  ;  finally, 
annnoiiia  separates  at  first  the  oxide  of  the  new  body  and  afterwards  the 
oxi<le  <»f  didvnnum. — ( '(nii.jiir.'f  Mendits.  ('. 

Imitation  Ivory. — Harris'  patente<l  imitation  ivory  is  made  by 
dissolving  10(1  grammes  of  ^glne  in  1  litre  of  -^ater,  50  grammes  of 
of  alum  in  one  litre  (»f  w.ttor,  and  mixing  50  gniiinnes  of  goo<l  bleached 
cellulose  with  .'V5  litres  of  water.  The  moidds  are  carefully  oiled  with 
a  mixture  of  equal  parts  of  goose  grease  aiid  lard  ;  then  a  mixture  is 
tbrmcd,  in  an  earthen  N'-essel,  of  75  grammes  of  the  glue  solution,  200 
grammes  of  the  cellulose  water,  ^00  'tfirammes  of  water',  250  granimes 
of  finelv  sifted  gvpsuni  and  20(1  graiiimes  of  the  alum  solution.  This 
mass  is  placccl  in  moulds  by  a  s|)ooii,  shaken  so  as  to  remove  bubbles, 
and  left  to  set  and  tliie|<en.  It  i>  then  remoNcd  from  the  moukl-, 
covered  with  a  woolen  cloth,  the  supcrHuous  water  j)ressed  out,  and, 
after  it  has  completely  stittened,  the  fat  is  reniftved  by  hot  water.  It 
is  then  dried  and  soaked  in  a  hot  mixtui'c  of'  cipial  parts  ol"  wax  an<l 
stearine.  Aft<'r  cooling  it  is  ltrushe<l  until  the  i\di-y  lustre  shows 
itself. —  IHiif//i  rs  Joiiniti/.  (\ 
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Increase  of  Meat  Exports. — In  1876  the  whole  quantity  of 
Ameriean  meat  exported  to  Great  Britain  was  16,165,632  lbs.  In 
1 S78  the  export  had  increased  to  53,661,216  ll)s. — Forfsdi.  der  Zcif.    ( '. 

Locusts  in  Algiers. — Captain  Broeard  states  that  the  recent  inva- 
-ion  of  locusts  in  Al(>-eria  demonstrates  some  ucm- advantaues  in  meteor- 
•  •lou-ical  and  climatologicalstii(;ties..  It  lias  long  been  noticed  that  the 
<irocco  and  drought  fa\-or,  in  a  higli  degree,  the  de\elopment  of  these 
}»ests,  whilst  cold  and  stormy  weather  prove  fatal  to  them.  He  pro- 
pose.s  to  devote  himself  to  a  careful  study  of  the  obsei-vations  which  he 
ha.'^  collected  with  great  difficulty,  in  the  hope  that  they  will  lead  to  tlie 
•<liscovery  of  some  simple  law.  for  detenninuig  upon  the  measures  which 
will  be  most  efficacious  for  the  destruction  or  the  utilization  of  the 
locusts. — Lcs  Mondcs.  C. 

An  Electric  Blowpipe.— M.  Jamin. — The  author  remarks  that  the 
electric  arc  which  plays  between  tMO  carbon  conductors  is  a  true  cur- 
rent. If  submitted  to  the  influence  of  a  neighboring  current,  of  a  sol- 
t'noid,  or  of  a  magnet,  it  experiences  an  action  regidated  by  the  hnvs 
of  Am])ere,  identical  with  that  experienced  by  any  metallic  conductor 
put  in  its  place,  but  as  its  mass  is  exceedingly  trifling  its  s})eed  is  con- 
siderable. The  author  takes  advantage  of  this  fact  to  submit  small 
<juantities  of  matter  to  an  intense  heat.  By  causing  the  arc  to  be  driven 
uj»oii  lime,  magnesia  or  zirconia,  the  light  is  directed  downwards  and 
it-  intensity  is  increased  at  least  three-fold. —  Coiapfcx  licixhis. 

Detection  of  Salicylic  Acid  in  Beer. — By  M.  Bias. — It  i> 
found  that  a  (quantity  of  salicylic  acid,  less  thaji  "OTo — O'l  gramme  per 
litre,  when  add^d  to  beer,  capuot  be  detected  with  certainty  if  the  fen-ic 
chloride  rejactiQjiiibe I  qmployed|,  either  with  the  original  beer  or  after 
]>recipitation  bv  .  lead,  or  after  treatment  by  animal  charcoal.  It  is 
nnich  more  simijle  to  test  for  the  presence  of  the  acid  in  the  urine  voitled 
after  drinking  the  beer,  when  0*0012  per<'ent.  can  with  ease  be  dejtected. 
If  2U  c.  c.  of  the  urine  be  examined  three  hours  after  t^i^  beer  has  been 
tlrnnk,  it  will  be  found  that  ferric  chloride  at  tirst  produces  a  precipi- 
tation of  j)hos|)hatcs,  but  after  their  separation  the  violet  reaction  is 
distinct.  Foi'  the  preservatioi)  of  light  beers  0'^  grannne  of  salicylic 
acid  is  sufficient,  but  ()*2  gramme  |)er  litre  must  be  added  to  strong  beers; 
more  than  this  quantity  is  inuuhisable,  as  a  taste  is  im))arted  to  the 
l)eer;  the  addition  of  salicylic  acid  to  beer  cannot  destroy  any  of  tlx- 
integral  constituents,  acting  only  as  a  ]>reser\ativ.e.— ./o^O'.    ('Iicm.  Sor. 
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French  Sleet. —  In  ;•  rct-rnr  storm,  the  {iToiind  jukI  tins  in  many 
jtarts  (»1'  France  were  covered  witli  a  cruKtmt'  ice  of  remarUaMe  thick- 
ness tor  that  cftnntrv.  Some  of  the  h«vcs  wore  hnulod  witli  a  weight 
of  ice  fifty  times  as  great  as  thi'ir  own  \vei<rht.  Trees,  telegraphi<'  wires 
and  nearly  all  external  ohjcets  had  a  crust  of  two  wntinietres  (i  inch). 
Manv  bnmches  were  hroken  when  the  thaw  c(»nimenetHl.  K.  Ma-sse 
thinks  that  the  drops  of  water  were  in  a  state  of  sni)erfusi()n  at  a  tem- 
perature below  zero,  and  that  the  crystallization  was  started  i)y  the 
8imj)le  mechanical  contact  of  the  (lro|)s  with  solid  bodies. —  ( 'nnijifis 
/*(  luhis.  {\ 

Coffee  Parasites. —  It  .-eems  as  thp)|g|i^V^eh  of  the  plants  which 
are  employed  for  the  food  of  man  niu.st  ip  ,  it"?  t\ipu  ^ulf'cr  from  the 
attacks  of  a  destructive  animalcule.  While  the  phylloxera  is  continu- 
ing its  ravages  iu  the  French  vii^eyards,  a  siaiilar  .seourge  threatens  to 
destroy  the  coffee  plantatjipixs  «)f  Brazil.  ,j,^n  the  proviueo  of  Rio 
•Faneiro  the  leaves  often  gVP^v  sad(leuly  yellow,  and  in  a  short  time  the 
tree  dies;  the  trouble  seems  tl^(e  ,^jioi|(^  iiicxplieable  beeause  the  most 
vigorous  j)hnits,  those  from  ^eveu  tft.ten  year:r  old,  were  the  first  to 
suecund).  Di-.  Jobei-i  foiuid,  by  close  observation,  that  the  roots  of  the 
<lead  plants  were  covered  with  excrescences  similar  to  those  pnxluced 
l»y  the  phylloxera;  the  interior  of  these  warts  was  com|)osed  of  cell- 
containing  ^\>)rnls  which  mcasiu-cd  .^carcelv  a  <|uarter  of  a  millinutre 
[•01  in.].  Dr.  .J.  estimated  that  upon  a  single  tree  there  Avcrc  not  less 
than  thirty  millions  of  thes<'  panusiteh. -r/^-v.f-l/^y}(/f{(.  ,^    ,  < '. 

New  French  Observatory.— ^M.Maswirt, 'the "director  of  th<> 
French  central  meteorological  }>uri»ati,' presented  to  a'thitei'SOft.sion  of 
the  scientific  association  the  plan  for  establi>hing  an  ol>servntory  on  the 
sununit  (»f  Mont  X'entoux,  X.  K.  of  C'nrpentras.  It  rises  suddeidv 
1!'<)(>  metres  [l--i2  niil(>]  above  a  great  plain  which  extend*  without 
atiy  mai-ked  intci'ruption  to  the  >hores  of  the  Mediterranean;  it  is  easy 
of  access  at  all  seasons  and  is  i.-oiated  from  any  interf«.'ring  iiiHucnce- 
by  neighboring  summits.  An  ob.servatorv  at  this  point  wouM  com- 
plete for  the  south  of  Fi-ance  the  .system  constituted  upon  the  north  by 
the  observatory  of  the  Puy-de-I)(»me,  and  on  the  southwest  by  the 
observatory  of  the  l*ic-du-niidi  ;  it  would  furni-h  \aluable  indications 
for  nieteoroloirical  forecast'^,  nset\d  both  to  sailors  and  to  agvieultiu'ist^. 
and  it  will  be  able  to  render  important  service  to  science  in  various 
other  way.-.  The  cost  of  the  buildings  and  roa<l  will  not  excee(l 
150,000  fr.  [«;.30,000.].— /.'»//.  ^Ir  hi  Soc.  Hclcuflfi'/nr.  (.'. 
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Adhesion  of  Mortar. — In  building  the  Pont  do  Claix,  some 
ex})erinientiil  blocks  were  joined  by  mortar  which  wa,s  allowed  to  harden 
for  three  years,  when  tlie  mortar,  was  broken  by  an  average  loa^l  of 
10*0125  kilogrammes  per  square  centimetre  [142"228  lbs.  per  scjuare 
inch].  This  experiment  seems  toshow  that  the  adhesion  of  mortar  to 
stone  is  only  about  one-third  as  great  as  the  cohesion  of  the  mortar 
itself.  The  result  is  noteworthy,  as  this  adhesictn  is  the  true  measure 
of  the  resistance  of  raasomy.  Further  experiments  of  a  similar  kind 
are  desirable,  in  order  to  estid)lish  formal  coMclnsions.  —  Ann.  da-s 
Fonts  et  Chauss.  C 

Comparison  of   Obelisks. — In    erecting  the  obelisk  of   Luxor 
more  than  200  men  and  a' vfeW'boiilplicated  rilass  of  machinery  were 
required.     Only  25  men  and  very  simple  apjiaratus  Avere  used  in  erect- 
ing Cleopatra's  Xeedle  upon  the  Thames  embankment.    The  trans[)ort 
and  erection  of  the  obfelisk  '6^  Lbxor  cost  the  French  Government 
nearly  1,500,000  francs;  the'  expfefn^^s' for  the  saiiae  operations  upon 
Cleopatra's  Needle  only  reached"  about  One-fourth  of   that  amrmnt. 
The  following  figures  give  a  comparison  between  the  two  ol)elisks : 
'Cieoi^k.tra.'s  i^eeclle'.  '•"    '  ''"'Obelisk  of  laixor. 
Height,     •  '-"""'  68^5'-ft.''''^"   ''*'  '  '"■'"''  74-9  ft. 
'   ■      '"Vfolume'"''   -o.v  'Q528-98'<'.  ft.  21»45-62  c.  ft. 

Weight,       .ii);)j|)   il86't'ttti&.  I  •.!  225*9  tons; 

— Ann.  (h's  Pants  et  f<hmiss.i)'  ■■  !i..i]ii  :  .  .,,....    :,  ( ;. 

Elasticity  of  Alloy s.-^M.  Phiilips' repoks^sortfe'i^xpcrimcnts  for 
the  determination  of  the  coeffioifent  /^f 'T^jasticity  and  of  the  limiting 
elasticity  of  different  l)odies.    He  refers  es])ecially  to  a  new  alloy  whi<^h 
was  melted  and  cast  by  iSIatthcy  of  London.     Its  density  at  the  tVc-z- 
ing  point  is  21"6139.     Its  composition  is:    /nolno^/^  Irtol/I  "i 
Platinum,     .....        .^0-6(iO 

Iridium,  ....  19-079 

Rhodium,  '  .  .  .  .  .  -122- 

Iron,     .....  '-mS'-' 

Ruthenium,  ....  -040 


i    .!<li:iibr/  iMntiil  blijovMi   ;  ibim  iil.-.iM     ,  iXOO'OOS 
This  alloy  is  so  malleable  and  ductile  that  M.  Sainte-Claire  IXvillc 
I)osse.sses  a  thread  of  it  which  is  only  a  few  hundreths  of  a  milliiniitre 
in  diameter  and  is  scarc(!ly  visible.     A  hundretli  of  a  mininietrc  is  only 
Y^Q-y  of  an  inch. — Compte-s  Mcndus.  ( .'. 
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A  New  Academy. — On  the  loth  of  Jaimarv  the  HuniboUlt 
Ac.Klciny  was  u|)(ii((l  in  JJcrlin.  The  object  of"  the  institution  is  to 
fiirnisli  an  oj>]iortiinit\'  to  sii|)])ly  special  delieieneies  of  education  to 
persons  wlio  have  not  been  able  to  avail  themselves  of  a  rei;ular  eoui'se 
■of  uni\-ersity  instruction. —  Forfsdi.  drr  Z,it.  C\ 

Lime  Cartridges. — Unslaked  lime  may  be  substituted  for  powder 
in  (piarries  if  it  is  comprcs.sed  iuto  ejirtridg&s,  placed  in  the  drill  holes 
and  then  saturated  with  water.  By  usin*:;  these  cartridiics  in  coal  mines 
tiiere  is  less  waste  from  small  coal  than  when  ordinary  powder  is 
employed,  and  there  is  less  danger  of  accidents  frojn  the  Hying  frag- 
ments and  from  vitiated  air. — Foiifich.c.lel''Zeit.  C. 

Soundings  in  Algeria. — Commandant  ivoudaire  reports  that  two 
-Dundings  have  been  completed  and  a  third  is  under  way.  After  pen- 
etrating to  ten  metres  [o2-.S  ft.]  below  low  water  level  he  foiuul  noth- 
ing but  sands  and  marly  clays.  The  Aral)s  come  in  flocks  in  search  of 
work.  It  would  be  easy  to  obtain  any  nund)er  at  90  centimes  [18  cts.] 
per  day.  Fresh  water  is  found  at  tlu-  depth  of  four  metres  [];3-12  ft.] 
below  the  surface  of  the  isthnuis  of  ()}al)es,  eA'on  at  points  which  are 
most  elevated  above  the  level  of  the  sea.  The  adv^antage  of  this  sup- 
ply will  be  readily  seen  ui)on  reflet^ting  that  in  the  j)iercing  of  the  isth- 
mus of  Suez  it  was  ui'cessary  first  to  em])loy  2(K)()  camels  to  bring 
watci-  to  the  workmen,  and  afteriprds^to .  luring  ^ the  ;vv■a^^;  of  the 
Mle  along  the  docks  l)y  means  of  a  canal. — -Coniptrx  Ticixlux.        C. 

Wood  Dyeing. — -Cr.  A.  Schoen  wished  to  give  an  old  appearance 
.to  .H)me  articles  of  oak  wood  by  rubbing  tliem  witli  (n\  of  aniline, 
which,  as  is  well  known,  l)rowns  rapidly,  lait  he  could  only  produce  a 
mahogtiny  tint.  lie  then  first  |)ainted  the  wood  with  a  solution  of 
aniline  .•^alt  which  ])enetrates  the  wood  very  rapidly,  and  colors  it  yel- 
low, lie  next  gave  a  coating  of  a  solution  of  caustic  .soda,  to  .set  the 
aniline  at  liberty,  when  there  imme<liatelv  ap|)carc(l  a  deej)  l)r(twn  hue 
like  that  of  old  oak.  The  same  etfect  was  ob.served  in  walnut,  i)lum 
and  other  w(^od.  Jle  was  e(pially  succe.s.sful  in  giving  a  black  tint  to 
varions  kinds  of  wood  by  impregnating  them  successively  with  aniline 
sdt,  bichromate  of  j)otash  and  soda,  allowing  them  to  <lry  after  each 
jipplication.  The  coloring  was  very  uniform,  penetrating  the  knots  as 
^well  as  the  softer  portions  of"  the  wood. —  linll.  de  (a  >Soe.  Indiistr.     C. 
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Tin  in  Tasmania. — Tasmania  appears  to  be  rapidly  becoming  a 
second  Cornwall.  Four  yeai'S  ago  the  tin  and  tiii  ore  exported  from 
the  colony  amounted  to  only  £7000,  but  in  1877  it  reached  nearly 
<£'270,000.  The  tin  ore  contains  some  gold,  which  increases  its  value. — 
Fortsch.  dcr  Zeit.  '  C. 

The  First  Steel  Bridge  in  America. — Arrangements  have  been 
concluded  by  General  D.  D.  Smith,  Chief  Engineer  of  the  Chicago 
and  Alton  Railwav,  for  constructing  the  first  all-steel  bridge  in  Amer- 
ica.  General  Smith  will  be  remembered  by  his  connection  Avitli  the 
I".S.  Government  Board  for  Testing  the  Strength  of  Iron  and  Steel,  expe- 
riments which  were  carried  on  by  him  several  years  ago.  His  researches 
ha\e  at  last  brought  him  to  the  conclusion  that  steel  bridges  can  be 
built  cheaper  than  iron,  and  be  equal  in  durability.  The  lu-idge  will 
be  erected  o\'er  the  Missouri  Kiver  on  the  Chicago  and  Alton  liaihvay. 
It  will  be  of  five  spans  of  350  feet  each.  The  elevation  over  high- 
water  mark  will  not  be  less  than  80  feet,  at  Avhich  height  the  light 
steel  rods  of  the  "  Howe  truss"  will  look  like  silver  cobwebs,  glim- 
mering in  the  sunshine.  For  all  its  frail  appearance,  the  bridge  will 
have  a  strength  reached  by  but  few  existing  structures  in  the  world. 
The  total  amount  of  steel  used  in  tlie  constrm'tion  will  be  about  1500 
tons,  ecpiivalent  to  almost  double  that  quantity  of  iron. — Am.  Jon  mutt 
of  Indnstry. 

The  Electric  Light  in  Salt  Mines. — An  experiment  has  recently 
been  made  in  the  application  of  the  electric  light  in  the  Marston  Salt 
Mines,  near  Northwich,  England,one  of  the  largest  in  the  world. 

The  space  to  be  lighted  is  seven  or  eight  acres,  and  30  feet  in  heiglit, 
and  a  single  electric  lamp  was  found  sufficient  to  illuminate  the  whole, 
by  the  reflection  from  the  surfaces  of  the  walls  of  salt.  The  distance 
from  the  machine  t<»  the  lamp  in  the  experiment  was  300  yards.  The 
The  conducting  ^vire  was  carried  down  tlie  shaft,  which  has  a  depth  of 
120  yards,  then  to  the  lamp,  and  the  metal  guides  to  the  cogs  were 
utiilized  in  the  entire  circuit.  The  lamj)  had  an  illuminating  power  of 
6000  candles,  and  the  effect  fr<jm  the  newly  quarried  portion  of  the 
crystal  rock  was  magical,  the  reflected  light  assuming  a  variety  of 
colors. 

Beside  the  other  advantages  of  the  electric  light  the  cost  in  compa- 
rison with  candles,  heretofore  used,  promises  well  for  its  adoption. — 
Iron. 
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Hydro-Electricity    and    Hydro-Magnetism. — ^1.    C.    A. 

lijcrkiic,'^  n'j)urts  to  tlio  French  Academy  the  results  of  experiments 
tor  verifyiiio:  his  theories.  The  experiments  were  i>ertbrmed  in  the 
physical  csibinet  of  the  University  of  C-hrLstinna  Avith  the  aid  of  M. 
Svcnd.><M),  and  resulted  in  the  conij)lete  veriH(-<ition  of  his  theories. 
They  emhraeed,  first,  the  action  bet^reen  two  pulsating  bodies  ;  second, 
iK'tween  a  pulsatinu;  and  an  o.<cillatin<r  body;  third,  l>etwcen  two  o.scil- 
lating  spheres.  In  ev'erv  instance,  even  Avhen  it  was  necessjuy  to  place 
the  vibnitinfj  Ix^lies  where  it  w;\s  su6{ieete<l  that  the  disturbing  action 
<tf  secondary  forces  would  IxM'ome  very  strong,  the  results  conformed 
to  those  of  the  analytical  re.-;e:n*ches,  whenever  the  vibrations  were  reg- 
ular and  liad  a  nearly  uniform  intensity.  The  attractions,  the  repul- 
.*!ion8,  the  nonnal  disphuvnients  froni  the  central  line,  and  even  the 
•<leviations  around  the  centres  of  the  oscillations  were  such  a.s  his  for- 
mula.^ had  annctunced. —  ('omj)te^s  Rciuhi.^.  '^ '  C. 
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!Smi>i:  N'alvk  Gkahh.     By  Hugo  Bilgram,     l*hiladelphia  :  Claxton, 
Ilenisen  &  HaftelHnger.     1878..  ■   12nK),  pp.:.125; 

Stejini  engine  designei's  fidly  appr(ici;ite  the  Advantages  of  diagrams 
for  showing  the  fnlictions  of  fhe  valve  geai*  ^ra])hically,  and  Zeuner 
luu-  generally  l)een  considered  the  best,  the  only  ditHculty  being  that, 
when  applicil  to  link  motions  and  other  complicated  cut-off  gears, 
mathcniaticjil  and  geometrical  intrir.icies  have  to  be  unraveled,  which 
is  :i  somewhat  tedious  proi'css  to  practical  men. 

Hv  a  modification  of  ZHniei-^s  diagratri ' 'the'  diithor  of  the  above 
AN'ork  has  rendered  this  prctcess  entirely  graphical,  at  the  same  time 
securing  gi-eater  distin<»tness  and  cl(kt'tiess' witli  regard  to  the  positions 
■and  measurements  I'C^/tiired.      "1""«>^-  •••'^'^  .iJni,!.n  >!'  ./in-.-.)i.'.>/l  ..l-..:.i 

The  intHKluction  gives  a  clear  and  concisd  exjilaiiat^oii '^f '  the  distri- 
butif»n  of  steam  in  the  cylinder,  white  Part  I  treats  of  ihe  common 
-lide  valve.  Part  II  of  liid<  motii')ns,  and  Part  III  of  independeiu 
'•ut-ott' g<^ai*s,  and  the  author,  cnch  in  treating  the  most  complicated 
problems,  fully  establishes  the  simplicitv,  distinctness  and  clearness  of 
his  diagrams. 

Among  tho.se  matters  that  are  treated  in  an  (,)riginal  vet  sim|)le  man- 
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iier  mav  be  specially  nieiitioiied:  area  of  ports,  \eloeity  of  valve,  scope 
«»f  the  common  valve,  influence  of  obliquity  of  rods,  theory  of  link 
motions,  their  irregularities  and  tlie  correction  of  the  latter,  the  influ- 
ence of  the  mode  of  saspeusion,  the  investigations  of  diflerent  inde- 
pendent cut-off  gears,  etc.  The  author's  patent  cut-off  gear,  while 
simple  in  its.  construction,  is  a  somewhat  difficult  problem  to  study, 
])ut  may  be  considered  one  of  the  most  iuteresting. 

While  there  are  many  works  on  valve  gears  intensely  practical, 
others  again  intensely  scientific,  the  present  treatise  may  be  called 
"  practical  on  a  true  scientific  t)a^is^7ioaiid  fou.tJbis/reaeQii  it  will  be 
es})ecially  valuable  to ; students. ;■,••  .- "f'-vicj-yi  Iji-jiiyhiru:  -ju:  i     J.  H. 

loiiOKiWfi  Bi{'\  ifiicPtiuij  yi'JiJSii  iJ  IxBfJ  t>ni^  liiijj 

The  Relative  Troportioxs  of  the  Stea:\[  ExbiXE.     By  W.  D. 

Marks.     Philadelphia :  J.  B.  Lippincott  <t  Co.     1877.     Small 

8vo,  pp.  Kil.  .Mj\>«!ift.  v^HwoO  -  -.[►^jnuor 

Legion  is  the  nund)cr  of  Hand  and  Pockd  books  that  treat  of  the 

4ibove  subject,  ])ut  the  rules  given  by  the  juajority  of  them  are  of  the 

most   rude  and    empirical   kind ;    generally   all    the    })roportions   are 

<leduced  from  the  diameter  of  the  steam  cylinder;  sometimes  the  stroke 

^ind  pressiu'e  of  steam  may  be  taken  into  consideraticjii. 

Now  tliis  might  be  well  enough  for  a:  workshop,  where  only  one 
style  or  cla.ss  of  engine  in  built,  but  it  will  inevitably  lead  to  failure 
at  the  least  departure  from  th.e  beaten  track. 

The  above  Mork  is  written  with  a  view  of  effecting  a  radical  cure  of 
this  evil,  by  going [^h^if}|^,  t^jfl^i^t,, principles,  in  investigatiiig  the  actual 
strain  u])on  each  part  of  the  steam  engine,  and  ])roportioning  it  in 
accordance  with  the  laws  of  the  strength  of  materials.  This  treatment 
•also  gives  students  a  thorough  iiiiderstanding  of  the  princii)les  of  con- 
structing details,  freeing  tl^e,!?!,  frcpfji  ilieifjie^^ssitsV  i9if  mere  co})ying  and 
following  precedents,,;,,, ,,,,   ,\.n'niv:   >,--c,i.-i(i    -'.:[•.    I.t.i.i.-. 

The  author  frequent;iy  cit€^,^d,!ref<e^  to  ,e^]jiiea1(  writers  like  Weis- 
bach,  lleuleaux,  Rankine,  etc.,  sometimes  simplifying  and  condensing 
their  too  intricate  arguments.        ' 

The  articles  on  pistoU' ]and;, connecting  rods  (both  iron  and  steel), 
showing  how  far  in  }»ractice  s:ojfte  theoretical  considerations  may  be 
neglected;  those  on  crank  pins,  journals  and  boxes,  also  investigating 
the  influence  and  work  of  friction ;  on  the  action  of  the  reciprocating 
parts ;  on  dittcrent  forms  of  cranks  ;  on  flywheels,  etc.,  are  interesting, 
and  show  considerable  original  research.  J.  H, 
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Thk  Stki:n(;th   of   Matkiuals.     Bv  William  Kent,  M.  E.     Now 
York  :  D.  A^m  Xostrand.     1S79.'    IGmo,  pp.  139. 

This  little  book  is  written  with  various  objects  in  view,  the  first  aiui 
most  important  l)eino:  to  show  the  wri»ng  basis  on  which  the  tests 
(as  a  ueneral  thinu)  are  made,  havinir  for  results  tiijures  which  are  not 
compatil)!*'.  This  is  (>wiii<:-,  as  the  author  justly  exi)lains,  to  the  want 
«tt"  harmonv  in  the  experiments;  tor  example,  it  would  be  absurd  to 
compare  the  strength  ot"  two  luctals  of  the  siime  nature  that  had  Ixvn 
submitte<l  to  a  pressure  of  sevei-al  thousand  ]>ouiids  when  the  sam|)l»-s 
chosen  were  not  of  the  same  leniith  (»r  section,  etc.  We  are  sorrv  to 
sjiy  that  such  is  the  ease,  and  (»ur  en-iineers  rely  too  nuich  upon  exi)er- 
iments  ()f  others  rather  than  their  ow  n,  havino;  for  results  accident.-, 
too  numerous  t<»  mention.  If  these  test.s  were  complicated  or  re([uired 
considerable  time,  there  might  be  a  })ardonable  excuse,  but  as  a  ji'eneral 
thin<»:  thev  are  most  sim])le,  and  can  be  accom|)lished  in  a  few  houi-s, 
or  even  minutes,  as  the  case  may  be. 

The  author  ^•ives  a  synopsis  of  the  various  meth<Kls  ot"  testinji;  tlif 
streiiirth  of  materials,  and  shows  the  probable  error  one  has  to  conten<l 
with,  and  the  manner  of  pt'eventintr  the  same.  N\'e  are  ghul  to  -ee 
that  the  grai)hieal  comparative  diaurams  have  been  reeonnnended,  a.-^ 
these  <i;ive  the  experimenter  a  nuich  better  idea  of  what  h<'  is  to  exju'ct 
than  the  tables  that  too  fre(|iiently  help  to  till  a  \-oIninc.  In  condn- 
sion,  the  reviewer  would  state  that  the  interestinti'  articles  by  Professor 
Thurston  and  Mr.  Townsend  which  have  a])pear(v1  in  this  jonni:!' 
arc  frc(piently  and  judici<»usly  referred  to.  N\  . 


FoinHL.K   ini;  THK  CaIA^ULATK  ».\  OK  RaII.I{()A1)  ExcAVATKiX  AND 

IOmi'.ank.njknt.    Bv  .T(»hn  Woodiiridjic  Davis,  ('.  E.    New  York, 
(lillis  Bros.     1S77'.     Sv(..  p|).  !()(>. 

rhi>  method  consists  in  tiiidinii'  lirst  an  a|)pi'o.\imate  \itinnic  l)y 
averaging  and  areas,  and  if  ureater  accuracy  Ix-  desired,  it  may  readily 
be  (»i)tained  bv  ap]ilvin<:'  :i  fornuda  tor  corrections  which  gives  the  dif- 
ference between  the  appr(»\imate  and  true  contents  for  ground  of  any 
tigure.  The  results  are  systematically  arrangecl,  an<l  the  labor  of  cal- 
eulatin'j,-  contimions  excavations  over  very  irregular  ground  is  greatly 
al)ridged.  The  work  is  u-ed  as  a  text-book  in  a  number  of  our  engi- 
neering schools,  and  the  method  is  destined  to  become  general.  We 
can  clicerfnllv  n'connncnd  it.  il. 
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Les  Fonts  de  i.'Amerique  du  Nord  Etude,  Calcul,  Descrip- 
Tiox  DE  CES  PoxTS.  Par  L.  Ant.  Comolli,  Ingenieur.  Paris: 
Lefevre.     1H79.     2  vols.     Text  and  plates. 

This  work  is  a  treatise  on  the  various  systems  of  iron,  wooden  and  . 
combination  bridges  erected,  or  in  process  of  construction  in  America. 
The  text  (a  quarto)  contains  213  diagrams  and  figures  illustrating  the 
various  systems,  and  gives  a  brief  analysis  Avith  strain  diagrams.  The 
folio  atlas  contains  54  plates  of  bridges,  in  .v//?;,  with  details  and  dimen- 
sions. 

The  theoretical  discussions  are  based  u})on  the  method  of  moments, 
and  for  the  streng-th  of  materials  the  formulre  of  Hodgkinson  and 
Gordon  are  employed.  The  analyses  are  simple  and  clear,  and  the 
work  generally  quite  complete.  AVe  fail,  hoAvever,  to  find  more  than 
a  single  instance  of  the  tubular  girder,  and  the  greatest  type  of  that 
class,  viz.,  the  Victoria  bridge,  is  not  mentioned. 

The  same  may  be  said  of  the  magnificent  structure  crossing  the  IVIis- 
sissippi  River  at  St.  Louis,  of  which  only  a  brief  notice  is  given  in 
the  text,  extending  over  a  few  lines.  The  plates  and  })aper  are  not 
of  a  very  good  quality,  l)ut  sufficient  to  illustrate  the  work,  and  all 
that  should  be  expected  for  the  very  reasonable  j)rice  at  Mhich  it  is 
offered — io  francs.  H. 


R  A  IE  WAY  Service.  Trains  and  Stations — describing  the  Manner  of 
Operating  Trains  and  the  Duties  of  Train  and  Station  Officials. 
By  Marshall  M.  Kirkman.  Published  by  the  Railroad  Gazette, 
New  York.     8vo,  pp.  271. 

This  is  a  practical  little  work  on  the  important  subject  above  indi- 
c<ated.  The  duties  of  operating  roads  are  sometiines  entrusted  to  inex- 
perienced or  careless  men,  who  risk  the  lives  of  their  ])atrons  l>v  neg- 
lecting ordinary  precautions.  With  such  a  guide  as  this  manual  before 
them,  and  the  exercise  of  pnjper  care,  any  manager  should  be  able 
readily  to  eliminate  from  travel  all  accidents  except  those  resulting 
from  breakage  or  fire. 

The  author  has  carefully  compared  the  numerous  systems  in  use  in 
both  England  and  America,  and  gives  his  results  in  a  clear  and  con- 
densed form,  with  munerous  rules  for  making  up  and  dispatching 
trains,  methods  of  signaling,  rights  of  trains,  instructions  to  employees, 
and  all  kindred  subjects,  constituting  a  manual  Avhich  should  be  in  the 
possession  of  every  railroad  emjiloyee  or  agent.  H. 

Whole  Xo.  Vol.  CVTT. — (Thikd  Serie.s  Vol.  Ixxvii.)  2-') 
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TURHINK    WllKKLS.      Bv  l^rof.  W.  P.  Trow  l>ri<l<rc.      New  York  :    I>. 

Van  NostniiKl,  1879.     KiiiK*,  |)j).  <S.S. 
Treatise  Relative  to  Testing  op  ^^'ATER  Wheei>i,  etc.     By 

James  Emerson.     Willimaiisctt,  Mass, :  Publusketl  by  the  Author. 

1878.    IGmo,  pp.  216.  ::-tTrirnr-nK  .r^  vl.r.f,  ^,  ^,„. 

These  two  works  are  irrouju'd  in  one  notice  hs  presentinu'  the  twi> 
extremes  of  inlbrnuitioii  desirable  to  possess  in  turbine  eonstruetion. 

The  first  treatise  is  one  of  a  series  of  reprints  from  Van  Nostrand\s 
Mdffazine,  which  have  been  pul)b'she(l  sepanitely  under  the  name  of 
**  Science  Series, "  intended  to  convey  [^information  in  pliysics  an<l 
mechanics  from  tlie  best  autJiorities  with  tlie  hite.<*t  acquii*ed  knowledge. 
In  this  in.'^tance  the  treatise  on  "  Turbine  AViieels  ''  is  a  simple  discus- 
sion of  the  condition  of  impact  and  reaction  of  the  stream  c^f  Huid 
in  contact  with,  or  deriving  direction  from  contact  with,  the  guide,  or 
blade.  This  inquiry  is  dive.stcd  genemlly  of  all  mechanic:d  construc- 
tion, except  the  exhibition  of  six  metliods  of  comI)ining  the  |)ipe  for 
wuTving  the  inHiient  wattir,  the  wheel  to  which  motion  is  imparted  by 
the  flow  of  water  and  the  pipe  dispersing  the  effluent  stream;  and 
adopting  these  methods  the  study  is  restricted  to  some  consideration 
as  to  the  flow  of  water  in  contact  with  blades  of  acce])ted  sha])e. 

The  merit  of  the  turbine  as  a  mot^i^  '(*!0ll8i^^ts  in  the  pro]>ositi<ms  first 
demonstrated  by  Fourneyron,  that  it  was  possible  to  attain  with  define<l 
relation  of  dimensions  of  a  wheel  having  blades  of  certain  shai)e;  through 
or  between  w  liich  a  stream  of  water  was  permitted  t<»  How  freely,  that 
is,  without  any  ob.struetion  in  the  hatiltfe  ofa  'closure,  a  useful  effect 
nearly  ecjuivalent  to  the  complete  nn^tive  ]>oSver  derivable  from  a  given 
flow  of  water,  considered  as  weight  falling  so  far  each  instant  of  time. 
The  wheels  themselves  in  crude  form  mechanically,  l)ut  ty|)i<al  to  most 
if  not  all  of  the  recent  so-("all(Ml  i m|)rovemen ts,  had  existi-d  tor  years  if 
not  centuries  in  the  mountainoas  parts  of  France  and  (Tcrmany,  and 
Fourneyron  is  believed  to' hitVefir^t'Cbhsidered  and  developed  their 
capability.  Although  he  adaj)ted  to  practice  one  form,  he  was  not  at 
all  an  invent(»r  of  that  form.  lie  elucidate<l  the  possibilities  of  a  whole 
class  of  water  motors  at  the  tinie  when  the  seien<»e  of  tnillwork 
allowed  the  economic  substitution  of  metallic  construction  for  the  old 
wood  work  of  the  millwright.  The  turbine  of  to-day,  as  a  whole,  not 
a  particular  form,  is  Fourueyron's.  Not  that  some  <tne  else  would  not 
have  initiated  the  consideration,  had  FtMU'iievroii  not  done  so,  but  that 
he  and  he  alone  did  initiate  it  in   its  totality. 

The  study  commenced  by  F<»urneyron  was  j)nrsued  by  others,  of  wlioiii 
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notably  Weisbacli,  the  most  tliorough  investigator  in  pi-actioal  mechanics 
in  thiir  centnrv  perhaps,  added  most  to  the  theory  of  the  tntbine.  It  is  not 
to  be  denied  that  the  best  authorities  in  theory  make  mistakes.  The  com- 
putations of  daily  life  are  full  of  blunders.  Weisbach  is  freer  from  error 
than  most  <»ther  authorities  and  he  is  more  complete  in  his  theory.  There 
are  certain  things  whiclj  btjcfffli^e,  ^  ficcepted  in  textbooks.  Thus  the 
proposition,  which  is  the  foundation  of  the  Poncelet  wheel,  that  max- 
imum effect  is  obtained  \yhen  tlie  water  enters  the  wheel  without  shock 
and  leaves  it  without  velocity  lia.s  had  general  acceptation  as  a  theorj-, 
Avhile  the  iui})(>ssibility  of  the  conditions  have  been  admitted,  and 
^Veisl)ach  with  others  have  pursued  tlieir  investigations  on  more  tenable 
bases.      The    assertion    pi^y.  reni^i,  ,:th|e   application   is   completely 

Ignored.     ,rt)  ^ijiy/^  Jo/jiaoD  moil  noh-yj-iih  onivJTjb  -lo  A 

The  student  in  science  or  in  the  limited  l)ranch  of  practical  mechan- 
ics who  accepU  authority  most  inevitably  go  wrong;  he  has  two  causes 
of  error,  first  that  in  liis  text  bopl,v,  and  second  that  of  his  reading  of  his 
text  book.  "  Prove  everything  and  hold  fast  to  that  which  is  good." 
It  remains  to  say  that  this  little, treatise  of  Prof.  Trowbridge  is  a  val- 
ual)le  addition  to  tlie  study ipf.tljj^jtViiil^W^.. 

The  second  work  by  Mr.  Emerson  is  a  singular  collection  of  experi- 
mental and  other  data  on  sun<lry  and  several  patented  turbines.  Unless 
some  singular  }>eculiaritv  call  i'ov,^^  new  study,  the  mill-owner  of  to-day 
must  scH.'k  some  turbine  Avhich  ha.s  a  commercial  existence  ;  one  of  which 
the  details  of  construction  shall  give  a  durability  in  service  juj  avcII  as  a 
high  theoretic  economy.  From  this  book  as  authority  the  would-be 
purchaser  (,'au  take  a  qhoice.^-ij^rt.js.ja,  l^ook  calculated  to  instruct  him 
especially  as  to  wlio  will  accurately  test  his  turbine  after  he  has  jmr- 
cha.sed  it.  It  may  not  be  so  happy  for  the  purchaser  to  appreciate  that 
he  has  to  deal  with  men  W;hp,  as  t^rbiu^biiilders,  are  asserted  by  Mr. 
Emerson  to  ))e  incapable  of  doing  "a  stricfli/  honoraUe  turbine  busines-'i 
under  eSiating  t-lt:cnfni<t<,uic<;^]\{tl}(i,  italics  are  in  the, original).  People 
will  buy  fast  liQryes,.^n<l|they,;^mig,et}9lieat^  I'j^jPiirchasers  require 
the  higlicst  results  at  the  lowest  prices,  and  there  are  scores  ready  to 
guarantee  such,  so  far  as  talk  is  concerned." 

As  a  collection  of  data  of  patented  turbines  having  had  commercial 
standing  the  past  ten  years,  this  book  of  Mr.  Emerson  is  a  desirable 
])ossession  to  the  hydraidic  engineer,  and  will  yeai'ly  become  of  greater 
value  when  the  publication  shall  exhibit  what  one  is  free  to  adopt  in 
the  details  of  construction  of  the  correctly  projxjrtioned  turbine.        B, 
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VorssoiR  Arches  Appi.ikd  to  Stonk  Briih;i->;,  TrxNEi>,  Domeh. 
AND  Groined  Arches,  l^y  AVilliani  Cain,  ('.  K.  N\w  Ymk  : 
D.  Van  X(T<tran(l,  1S79.     l(j"nj«.,  pp.  llM). 

This  little  treatise  forms  Xo.  42  of  Yixn  X'ostraiurs  ScioiKo  Series,, 
and  is  a  t'ontinnation  of  Xo.  12  of  the  sjune  series,  Tlie  anthor  has 
endeavored  to  introduce  t<»  Anieric-an  readeiN  the  fundamental  ]>nn('i|)Ies 
of  Dr.  Scheftler's  theory  of  arches.  We  do  not  undcistand  why  at 
this  day  an  ctlort  should  he  made  to  rcvivt-  a  thcnrv  which,  thouijh 
un(pu'sti(»nal)ly  the  hcst  at  the  time  of  its  |)ul)lication  (LS;")!),  has  since 
Ix-cn  *>;rcatly  inn)rove(l  and  almost  entirely  superceded  hy  the  method 
of  graphical  statics.  But,  as  the  treatmeiu  is  >iniple  mikI  limited  to. 
])raetieal  cases,  and  as  the  results  are  nearly  the  same  as  those  };iven  hy 
later  theories,  it  may  he  useful  espe<'ially  to  those  who  ain-  unaccustomed 
to  graphical  solutions.  In  the  first  number  the  authoi-  eonsidenMJ 
incompressihle  vou.ssoiis,  in  the  ])resent  the  ett'ect  of  the  compressihil- 
ity  of  the  material  is  examined.  The  ultimate  conclusions,  however, 
are  found  to  he  the  same  as  before,  l^ut  the  applications  have  been 
greatly  extended.  After  giving  some  general  |»iiueiples,  nne  of  wliieh, 
asserting  the  entire  absence-  of  tensile  strains  in  a  vouss(»ii-  arch,  we 
think  should  be  seriously  doubtcnl ;  the  author  investigates  the  stability 
of  arches  in  general,  adding  some  |»ractical  suggestions.  'J'heii  he  shows 
the  influence  of  sj)audrel  fillings  and  gives  the  proper  dimensions  for 
keys  and  widths  of  ai)Utments  and  |)icrs.  Following  are  some  theo- 
retical discussions  on  the  height  of  surcharge  necessary  to  bring  tlu' 
line  of  pressure  to  the  centre  of  the  arch  ring,  and  on  the  liuis  of  pres- 
sure corresponding  to  mininuuu  and  maxinnuu  horizontal  thrust.  The 
latter  half  of  the  volume  is  taken  u]>  with  a  \cry  c((mplete  treatment 
of  undergroimd  arches  (culverts  and  tiumels),  groined  and  cloistered 
arches  and  douKs.  The  author  generally  recommends  even  narrower 
limits  for  the  line  of  pressmv  in  these  various  structures  than  the  usual 
"middle  third,"  and  also  that  the  depth  of  ai-cli  stones  should  always 
be  increased  towards  the  al>ntment.  He  oc<-asionally  iin<ls  it  convenient 
to  resort  to  graphical  constructions  on  account  oi"  their  simplicity  and 
elegance,  but  does  not  consider  them  in  the  light  of  special  cases  of  a 
general  method  covering  the  entire  sidtjcct.  IMie  little  l)ook  is  well 
filled  with  practical  examj)les  illustrating  tlu-  \arious  propositions.  It 
is  to  be  regretted  that  the  subdivisions  were  not  more  clearly  stated 
and  arranged,  also  that  neither  a  table  of  contents  or  an  index  has 
bci-n  inserted.      It  rerpiircs  a  careful  search  among  IJKj  pages  to  find  a 
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<le.«ired  problem,  imd  fur  practical   use  this  Is  certainly  a  o^reat  incon- 
A'enience.  H. 


Thi:  Pattkhn  Maker's  Assistant.     By  Josliim  Hose,  M.  E.    New 
York-:  D.  Van  Xcstrand,  1878.     l^ino,  pp.  324. 

Tiie  title  of  this  work  is  not  coiitbnnablc  to  its  preface,  which  sets 
forth  that  it  is  iiitoiulcd  ''to  be  useful  to  apprentice  pattern  makers 
iind  also  to  practical  machinists."  An  examination  of  the  book  is  not 
satisfactory  to  establish  that  it  will  till  either  requisite.  In  no  one 
rejr.ird  is  it  thorough.  The  calling  of  a  pattern  maker  cannot  be  set 
forth  with  the  fulness  which  the  api)renticc  or  machinist  requires  in 
the  small  l)ook  now  offered,  while  the  tables  and  data  which  a  compe- 
tent pattern  maker  re(piire,s  for  reference  are  much  more  extensive 
than  are  here  given.  The  common  handbooks  for  the  mechanic  will  be 
found  to  contain  more  full  general  tables,  while  the  particular 
•ones  given  are  far  fruni  convenient  for  a  ])attern  maker's  iLse.  With 
much  novel  information  in  the  [)ractice  of  the  })attern  room  and  foun- 
•<lry,  there  is  so  much  not  said,  that  the  work  is  not  a  safe  instructor 
to  the  novice  and  of  little  use  to  the  skilled  mechanic.  B. 
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Hall  of  thp:  Institute,  April  16tb,  1879. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the  Pres- 
ident, Mr.  William  P.  Tatham,  in  the  chaii-. 

There  were  present  154  member  and  29  visitors. 

The  minutes  of  the  last  meeting  were  read  and  a])proved. 

The  Actuary  presented  the  minutes  of  the  Board  of  ^lanagers  and 
rei)orted  that  at  the  hist  meeting  8  })ersons  were  elected  members  of 
the  Institute,  and  reported  also  the  following  donations  to  the  Library: 

P>ulletin  of  the  Royal  Aca«lemy  of  Belgiiun.  A^ol.  1,  1832,  to  Vol. 
4(),  1878,  inclusive. 

Indexes  to  Fir^r  Scric-.  \X'-V1 — ISoi;,  and  Second  Series,  1857 — 
186(). 

Annnalre  of  the  Academy,  Isli;  to  1S58,  and  1800  to  1879,  inclu- 
-ive.  From  the  Aciidemy. 

British  Patent  Specifications  and  Drawings.  From  Xos.  4501  to 
4949,  1877,  and  from  Xo.  1  to  1200,  1878. 
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Di.^claiiiiors  and  Meiiioranduins  of  Alterations.  No.  1-lOS.  ls7<>: 
;n(>l,  1S7;5;  ;5217,  ISTC;  -IAA,  221»I,  ;i011,  .-521:],  IS78. 

Al»i'i(l<rnicnts  of  British  Patent  S|Krifications  rdatinii'  to 

1st.  Auriciilture.     Div.  1.   Field  Inipk-nicnts.      18()7 — 187<>. 
2d.  Jilcachinji-,  Dvcinji',  otc.     Part  :{.      ]8(;7— 187<). 
:><1,    LrtHTprc'ss  and  Similar  Printinu'.      Part  2.      lSo8 — 18()«). 
4th.  JMioto«iTai)hy.      Part  -'i.      18(>7 — 187«j. 

5th.  Wa.sliing  and  Wrinjriuii   Machines.      Part   2.      18<i7 — ls7«). 

London,  1  S7>i. 

Ue])ort  <»n  the  ^lettHjrojogy  ot"  India  in  1<S7().  1>\  11.  1\  Uhmtoi'd. 
Seeond  veai'.     C'alcntta,  1878. 

r{ei)ort  (Ml  tiie  Administration  ot'  the;^J[<ftevV,olugical  J)e[iartnunt  of 
the  (lovernment  ot"  India  in  1S7<)— 77. 

Indian  ^Meteorologieal  Menioii>i.  f^y  ,H.  J^.  Blanford.  Vol.  1. 
Part  2.     Calentta,  1878. 

From  the  IMeteorologieai  Depaitnicni  of  tlic  ( Joxcrnment  ot'  1  ndia. 

Quarterly  Weather  l\ei)ort  of  the  Meteoroloui<:il  (  )nicc.  Part  4. 
Octoher— I)(H-endi(T,  1875.      London,  "11^70. 

I^-oni  the  Meteoroloo-ical  Connnittee  ot" 'the  Koyal  Society. 

Reports  and  ('harterand  Py- Laws  of  the  I'^airnKmni  Park  AiM  .\~>"- 
<'iat.ion.      1871  to  I871t.  j  ,^  li-.l^rvni  J.  li.  Cox,  SwretarN . 

Atniosj)hene  Kleetric^ity.      Br  IDavid 'BnxjkKi      Philadeli>hia, 

1' roni  the  Anthor, 

Sixth  Annual  J\eport  of  the  Lowell  A*  ater  Board  to  the  City  Council. 

Jainiarv  l.'i,  187JJ.       From  A.  A.  Hagirett,  President  (»f  the  Board. 

^  .   ,,  '  .1,. .'-..,'  ,r'  .i' .-     i, .  ,  ^  . 

(Quarterly  Report  of  the  Chief  of  the  Bureau  of  8tatisti(S.  Trea- 
sury Department.     For,  ^hree;  months  ended  Sept.  ■>(),  1878. 

From  Chief  of  Bureau  of  Statistic-,. 

dura  Trias  Section  of  Southei».steru  Idaho  and  Western  \\'yomin<;-. 
By  A.  C.  Peale,  tr.  S,  Geol.  and  Geo^'. -purvey.     Froni  tlie  .\.iith(»r. 

Verein  der  Deutsehen  Iniienieure.  Verzeichni.ss  Jer  Mitglieder. 
1870.      Berlin.  /  l''r<»ni  the  Society. 

TransaotiouH  of  the -Anierioan  Institute  of  Mining  I'jiLiineer.-^^  Vol. 
(1.     May,  1S77,  to  Febnmrv,  1878.     Ea.-ton,  ls7Jt. 

From  the  Institute. 

(jreologieal  Survey  of  Japan.  Peport  on  the  .Seeouj  Year's  Pro- 
gress of  the  Survey  of  the  Oil  Lands  of  .fa]>an.  By  Ben j.'  Smith 
Lyman.     Tokei,  1878.  '"'i    ''"»  ' 

From  K.  S.  Otori,  Chief  Secretary  of  Piihlic  Works  ot'  Ja|>aii. 

Nintli  .Vnnual  lieport  of  the  Boar* I  of  Directors  of  City  Trasts. 
1878.  Front  the  Directors. 
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Annual  Keport  of  the  OptTati(^ns  of  tlie  United  States  Life-Savino- 
Service  for  tlie  Fiscal  Year  endino-  June  30,  1S78. 

.;l')'f  >;(io(jr.  )iii)'..fFi'oiii  tli^  Treasiuy  Department. 

Report  of  the  Pliiljulelpliia  Yellow  Fever  Conunittee.  A ppc tinted 
Au_o;.  22,  1878.  From  the  Committee. 

Annual  lleport  of  tlie  FrieiidB-'  Free  Library  and  Reading  Room, 
witii  Catalogue  of  New  Books.  From  the  Library. 

Annual  Re]iort  of  the  Director  of  Harvard  College.  Presented 
N(.v.  14,  1878.     Cambridge,  1879.       From  Prof.  E.  C.  Pickering. 

Transactions  of  the  Literary  and  Historical  Society  of  (Quebec. 
Session  of  1878.     Quebec,  1879.  From  the  Society. 

Annual  Report  of  tlie  State  Geologist  of  Xew  Jersey.     1878. 
'  From  the  State  Geologist, "G.  H.  Cook. 

J*ul>lications  of  the  Royal  Institute  of  Superior  Study,  Florence,  Italy, 
jis  follows : 

Session  of  Philosophy  and   Philol()gy.      Vol.  1    and  Vol.  2.     Parts 

1—5,1875—1877.  -inurio')  [,v,moj,  '  V"-''4, 

II  Commento  Medio  di  Averroe  alia  retorica  di  Aristotele.    Fascigah^ 

2         1877  '•''"-  ■"^'    '"  ^'/••^'■L'/ti   I'lUI.'VDVwul  )  bi],.  r      .  '; 

Session  of  Physical  and  Xatiu'al  Sciences.  D.'G.  Gavanna.  Studi 
E.  Ricerche  sui  Pichou'onide.  Part  1.  Anatomy  and  I>ioh)gT. 
1877. 

Session  of  Physical  and  Natural  Sciences.     Vol.  1.     1877. 

Session  of  Medicine  and  Surgery. .  'Y'ol^  1'.     1876. 

Opere  publicate  dai  professori  della  sezione  di  scienze  fisiche  e  Xat- 
urali  del  R.  Instituto  superiore. 

Animal  Report  of  the"  Adjutant-General  of  Pennsylvania  for  1878. 

From  J.  W.  I^atta,  Adjutant-General. 

Astronomical  and  Meteorological  Observatiojis  made  during  the 
Year  1875  at  the  U.  S.  Xaval  Observatory.  Rear- Admiral  C.  H. 
Davis,  Superintendent.     Wasliington,  1878. 

From  Xaval  Observatory. 

Specifications  and  Drawings  of '  Patent**,  U.S.  Patent  Office,  for 
October  and  Xoveniber,  1878.       '  From  U.  S.  Patent  Office. 

Mr.  George  Richards  read  a  pa])er  on  "  ^Machines  and  lmj)lements  for 
Measuring."  An  interesting  discussion  fallowed  the  reading  of  the 
paper,  partici])ated  in  by  Messrs.  Shaw  and  Jeiiks. 

Mr.  Goodwin  described  his  Gas  Stoves,  and  pointed  out  their  merits, 
and  their  economy  over  the  ordinary  cooking  range.  A  variety  of  sizes 
of  stoves  were  exhibited. 
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The  Secretarv  read  a  paper  on  the  History  and  Construetion  of  Typo- 
W'ritinji-  Machines,  in  which  it  was  ehiinieil  that  the  instrument  as  now 
made  is  as  nearly  perfect  as  it  is  likely  to  be.  The  agent,  Mr.  Travi-, 
exhihited  his  skill  in  writing  with  it.  Manifold  copies,  and  other  spc- 
<-imens  were  distributed  to  the  members.  One  of  the  early  machines 
was  also  shown  and  the  great  difference  in  construction  pointed  out. 

Massey's  Arcagraj)h  for  tlescribing  Segments  of  Circles  was  next 
exhil)ited,  and  a  l)rief  acc-ount  of  it  rc'id.  The  instrument  is  a  practi- 
cal one.  By  its  use  the  segment  is  described  ilirectly  upon  the  board 
or  other  material  to  be  used,  and  as  many  segments  as  may  be  require<l 
to  form  the  arch  laid  (»ut  with  ])recision. 

Sidle's  Centering  Turn-table,  for  mounting  microscopic  objects, 
was  shown,  and  its  arrangement  for  centering  the  slide,  which  is  dono 
by  means  of  toothed  wheels  beneath  the  table,  explained.  Tlie  feet 
can  l)e  detached  from  the  stand,  and  the  clamj)ing  screw  used  to  secure 
it  lirmly  to  the  table  if  desired. 

Warner's  Water-tube  ]5oiler  was  described,  and  a  model  shown.  A 
my.^tcrious  clock  in  which  the  works  arc  concealed  in  the  base,  and  the 
movement  transmitted  to  the  hands  i)y  means  of  a  glass  rod  which 
passes  through  a  glass  tube  supporting  the  skeleton  dial,  wjus  exhibited, 
as  well  as  MacC^uecn's  Pipe  Clearer  conveying  the  force  of  the  hydrant 
<lirectly  to  the  obstructed  pil)e. 

The  construction  of  the  Retort  (ias  Stoves  of  the  Providence  Com- 
])any,  Khode  Island,  was  exj)laincd,  and  the  greatly  increased  heat,  from 
the  superheating  of  the  gas,  mentioned.  Several  styles  of  the  stoves 
and  ovens  were  shown.  A  mjigniticcnt  photograph  of  the  Archof  C'on- 
stantine,  •)<>  inches  bv  4n  in  size,  taken  and  j)rinted  from  one  negative, 
was  exhibited. 

The  President  announced  the  death  of  \)r.  Isaac  Hays,  who  was  the 
ninth  on  the  list  of  signers  t<»  the  Constitution  of  the  Institute.  J  )r. 
Havs  was  elected  Corr<'sponding  Secretarv  of  the  institute  in  damiaiy, 
182x,  which  office  he  held  until  January  1S|(),  when  he  was  succeeded 
by  Prof.  Alexander  Dallius  Bache. 

Mr.  Mitchell  moved  that  a  committee  be  api)oiutcd  by  tiie  Presid<iit 
to  j»repare  suitable  resolutions  on  the  .leath  of  Dr.  Hays,  which  was 
adopted.  Mr.  Frederick  Fraley,  Dr.  Robert  E.  Rogers  and  Mr. 
<  "harles  liuUock  were  named  as  the  committee. 

On  motion,  the  meeting  adjourned. 

IsA.VC    NoKKis,   M.D,,  Seen  til i-jl  pro  frni. 
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PEAUCELLIER'S    COMPOUND    COMPASS    AND    OTHER 

LINKAGES. 


By  Wm.  D.  Marks, 

Whitney  Professor  of  Dynamical  Engineering,  University  of  Pennsylvania. 


The  writer,  in  order  to  avoid  the  use  of  cumbersome  beam  compasses, 
having  designed  for  the  use  of  liis  students  a  compound  compass, 
upon  the  principles  first  enunciated  by  Peaucellier,  and  not  being  aware 
of  the  existence  of  specific  directions  for  the  construction  of  a  similar 
apparatus,  believes  that  the  following  directions  may  be  of  use  to  the 
engineering  profession,  as  being  sufficiently  explicit  to  admit  of  the 
construction  of  curve  rulers  by  those  able  to  follow  the  simplest  math- 
ematical work. 

The  theory  cannot  be  set  forth  in  a  more  interesting  manner  than 
in  the  subjoined  translation  of  a  paper  written  by  the  inventor,  and 
published  in  the  Nouvdles  Annates  de  Malhematiques,  Deuxieme 
Serie,  t.  xii,  p.  71.     1873. 

Note  upon  a  Question  of  Compass  Geometry. 
By  M.  Pkaucrllikk. 
(This  problem,  dated  1864,  was  solved  at  that  time,  as' indicated  by 
a  letter  in  the  Nouvelles  Annales  de  Maihimatiques,  2e  sdrie,  t.  iii, 
p.  414.) 
AViioLB  No.  Vol.  CVII.— (Tjiird  8jekibs,  Vol.  Ixxvii.)  26 
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AVf  shall  jrivc  the  luiiue  of  Compound  C'om|Kiss  tt»  any  articulattxl 
system  wliatovcr  of  r'u/u]  pieces  in  complete  connection  (a  liaixou  com- 
pete). We  kn(»\v  that  this  name  is  irencrally  applinl  to  every  assem- 
blage of  IxMlies  in  such  a  manner  that  the  movement  of"  anv  point 
Avhatever  (-.luses  the  movement  of  all  the  othei-s. 

The  i)antogi-aph,  the  parallelotrpani  of  Watt,  etc.,  an-  such  assem- 
blages, and  may  be  eonsidered  as  eompoiuid  eonipaf<ses. 

Apparatuses  of  this  kind  possess  the  valuable  advantage  of  rcHpiir- 
ing  very  small  forces  to  put  them  in  motion,  and  their  disj)lacements 
are  continuous  and  perfectly  regular,  by  reiLson  of  the  jiossibility  of 
^completely  suppressing  all  play  in  the  articulations. 

Thev  have  neither  irregulai-ities  nor  "  lost  motion,"  to  speak  te<-hni- 
«dly.  " 

These  divei*se  properties  sju'ciaily  i-ecommend  them  to  the  construc- 
tor of  instruments  of  precision^  an<l  we  shall  ado])t  them  exclusively 
for  the  object  that  we  hav<'  in  view,  tliat  is  to  sav.  the  iiie(  liauical 
tracing  of  plam-  curves. 

The  line  that  starts  from  any  point  whatever,  guided  by  a  combina- 
tion of  articulated  pieces,  is  neees.sju-ily  algebraical.  Ke<M|)rocally  one 
perceives  that  all  algebraical  curves  (am  be  gencnvted  by  a  properly 
arranged  artieidated  .system,  beeau.se  one  will  alway.s  have  at  command 
a  .sufficient  number  of  variable  elements,  radii  and  centres  of  rotation 
to  be  able  to  .satisfy  the  equations  expre.s«^ing  the  identitv  between  the 
given  curve  and  the  described  one. 

In  what  follows,  we  will  limit  oui-selves 
t<t  com|)ound  com|»a.sses  tra<'ing  the  best 
known  lines,  the  straight  line,  the  circle  <»f 
aJiy  radius,  the  conic  sections,  and  lastly  con- 
choids and  cissoids. 

We  shall  present  the  result  of  our  resear- 
ches in  a  synthetical  form,  the  analyti(^il 
processes  which  have  guided  us  in  the  most 
interesting  part  oi'  this  work,  that  relative  t<> 
the  straight  line  it(iiin  \-ei-v  complicated,  and 
not  being,  in  fact,  a  method  of  investigati<»n  sulli<Mently  methodical. 

IjCiiiina. — Any  point  whatever,  (\  Fig.  1,  taken  upon  the  diagonal 
of  a  lozengi',  divides  it  into  two  .segments  of  which  the  product  ^C 
X    CB   is  cijual  to  the  ditference   yl />'    —    (7>-   between    the   scpiares 


Fig.  1. 
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constructed  upon  tlic  side  of  the  lozenge  and  ui)on  the  distance  CD 
of  the  point  considered  from  tlic  extremities  of  the  other  diagonal. 

Prolong:  CD  till  it  cuts  in  F  and  G  the  circle  described  from  the 
point  D  as  a  centre  with  the  radius  DA. 

We  have 

Zr    X   ^  =  CF  X    C^  =  {AD  -  'CD)  {AD  +  CD) 

=  'RIP  —  ~C& 

This  remarkably  simple  demonstration  has  been  given  to  us  by  M. 
Mannheim. 

It  follows  then  that  if  one  sui)poses  that  the  figure  EADBECD 
represents  an  assemblage  of  rigid  rods  articulated  at  their  extremities, 
and  that  the  point  C  remains  fixed,  the  opposite  extremities,  A  and  B, 
Avill  des<'ribe  reciprocal  curves.  This  combination  will  form  the  essen- 
tial organ  of  the  divers  compound  compasses  that  we  shall  have  to 
examine. 

1st.  The  reciprocal  of  a  straight  line  being  a  circle  passing  through 
the  pole,  if  the  point  B  (Figs.  2  and  3)  is  forced  to  move  in  the  peri- 
meter of  a  circle  jxissing  through  the  centre  of  articulation  C,  the 
movement  of  the  ])oint  A  Avill  be  rectilinear.  It  will  therefore  suffice, 
in   order  to  generate  a  straight   line,  to  introduce   in  the  mechanism 

Fig.  2.  Fig.  3. 


EADBEC'D  a  new  fixed  centre,  C,  to  which  one  fastens  the  i)oint  B, 
the  link  C  B  being  equal  in  length  to  the  distance  C  C  between  the 
fixed  centres. 

What  precedes  constitutes  a  rigorous  solution  of  the  problem  stated 
by  Watt.  It  is  simple  enough  to  be  advantageously  employed  in 
certain  machines  of  long  stroke. 

Mr.  Mannheim,  in  1867,  made  it  the  subject  of  a  communication  to 
the  Societ^'  Philomathique  of  Paris 

2d.  If  the  circle  described  by  the  vertex  B  does  not  pass  through 
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the  fixed  centre  C,  the  opposite  vertex  A  describees  a  circle  Nvhose  radius, 
is  represented  l)v  the  expression 

in  wliich  one  designates  by  a  the  side  of  the  lozenge  AJ) ;  h  the  bri- 
dle rod  CD;  /•  the  radius  C  B ;  ^/ the  distance  between  t lie  centres 
CC. 

It"  /•  =  (1  we  have  7?  =  x  wliich  corresponds  t<»  the  case  of  a 
straight  line. 

This  combination  of  articulated  jiiccc-  will  then  jK-nuit,  it'  we  vary 
one  of  the  element^,  for  e.\ain|>ic  the  distance  CC ,  the  tracing  of  anw 
of  circles  of  every  curvature  in  a  continuous  manner. 

Designers  know  that  this  operation,  aj)parently  so  simple,  is  not  less 
complicated  than  the  tiacing  of  any  geometric  curve  whatever,  when/ 
it  happens  to  be  a  curve  surj>assiiig  the  extreme  limits  of  the  beam 
eompa.ss. 

3d.  Let  us  now  consider  the  conic  sections. 

We  know  there  exists  an  infinity  of  theorems  leading  to  their  deter- 
mination  by  means  of  the  .straight   line  and  the  circle,  if  successive 

ixjiuts  of  these  lines  are  y-iven.  Of  the 
artieulate<l  systems  eonnng  in  (|uestion,. 
permitting  so  to  say,  the  materiali/iug  of 
everv  cond)inati(»n  of  .sti'aitjlit  lines  anil 
of  circles,  without  recourse  to  other  organs 
of  transmission,  have  articulated  rods,  we 
foresee  that  there  ought  to  exist  an  infinity 
of  (romi)ound  compa.sses  adapted  to  the 
tracing  of  lines  of  the  .second  order. 

Thus  a  finite  straight  line,  AB,  of  the  sjime  length  as  OA,  Fig.  4, 
being  moved,  for  example,  with  its  extremities  in  the  circiunfercnce  of 
a  circle,  and  upon  one  of  its  diameters,  UB,  each  point  of  the  mov- 
able line  will  describe  an  ellipse.  This  theorem  furnishes  a  very 
simple  means  of  con.structing  an  elliptic  compa.ss,  since  we  are  able  ta 

guide  the  straight  line  AB,  l)y  its  extremities  as  the  data  of  the  prob- 
lem require. 

But  there  is  a  more  general  solution,  capable,  by  means  of  the  .siune 
combination  r»f  lines,  of  describing  all  the  cmiic  se<-tions  without 
distinction. 

The  polar  eipiation  of  these  curves  is 
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P 


Fig.  5. 


1  +  £  COS.  iO 
and  represents  ellip.>ies,  parabolas  or  hyperbolas,  according  as  s  <  1  ; 
e=  1  or  s  >  1. 

If  we  consider  the  reciprocal  curve  of  the  preceding,  we  will  have 

for  tlie  equation 

,        Ir  (l—s  COS.  co) 
o    =  ^: 

P 

k  being  a  constant.       It  is  a  liniagon  de  Pa.scal,  of  whicli  we  shall 

■describe  the  mechanical  generation. 

For  this,  let  us  return  to  the  compass  relating  to  the  straight  line,  to 

which  we  will  add  the  bridle  rod,  6\i,  Fig.  5,  where  the  straight  line 
described  bv  A  cuts  the  line  of  centres  CO'.  If  we  fix  the  point  C^ 
-as  well  as  the  vertex  A,  and  make  C\I  =  C^A,  and  let  all  the  other 
points  of  the  figure  remain  free,  it  is  ap- 
parent that  any  point  Jl/of  the  perpendicu- 
lar IM  to  CC  will  describe  a  limacon  de 
Pa.scal.     Of  which  the  equation  will  be 

/)^  =  '2aj  COS.  CO  -\-  IM 

Its  reciprocal  relatively  to  -4  is  a  conic. 

We  shall  obtain  this  latter  curve  by 
<;onnecting  the  point  M  to  the  free  vertex 
of  an  articulated  system  whose  fixed  cen- 
tre is  A. 

This  point  will  become  the  focus  of  the 

conic  of  which  AC  will  be  the  direction  of  the  principal   axis,  and 
which  will  be 

An  ellipse,  )        jj^  f  <  j 

A  parabola,  V  it  ^  =  1 

A  hyperbola,  J       2C'i/(^>  1 

It  is  besides  evident  that  by  giving  to  JJ/ and  to  C^J  convenient 
values  it  will  be  possible  to  trace  with  the  same  compound  compass  all 
the  curves  of  the  .second  degree. 

Conchoids  of  the  Circle  and  of  the  >Sfraight  Line,  Cissoid,  etc. 
We  have  just  .seen  how  one  is  able  to  arrange  for  tracing  the  con- 
choid of  the  circle,  or  lima9on  de  Pascal ;  In'  modifying  the  combina- 
tion relative  to  this  curve  in  a  similar  manner  to  that  pui-sued  for  the 
conies  we  shall  generate  the  conchoid  of  the  .straight  line.     We  find  in 
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the  same  manner  the  combinations  suitable  for  the  lemniscata,  but  they 
are  for  the  most  part  very  comj)licate(l.  AVe  shall  oontont  oursolvos» 
in  closing  this  short  suminary,  by  indicating-  the  compass  for  the 
cissoid,  which  is  extremely  simple.     The  centre  of  articulation  <»f  the 

links   CD  CE  {Fig.  Q)  is  forced  tt>  move    in    circle  parsing    through 

the  fixed  vertex  A  of  the  lozenge,  whose  diameter  is  e(pial  to  ]    fr —  r/^ 

As  before,  h  designating  the  length  01)  and  a  the  length  AD. 

The  opposite  vertex  B  under  the.se  conditions  will  trace  the  cissoid, 
a.s  is  easy  to  see  by  forming  the  equation  of  the  described  curve. — End 
of  translation. 

This  translation  is  made  with  the  dcsiie  that  the  fortiuiate  inventor 
of  this  remarkable  linkage  be  awarded  by  English  readers  the  credit 
justly  his  due;  not  only  lus  an  inventor  but  as  a  mathematician 
capable  of  understanding  and  discussing  his  invention  in  an  able 
manner. 

Referring  to  Fig.  1  and,  for  the  sake  of  brevity,  designating  the 
radii  vectores^C by  ^o*,  BChy  y  and  the  constant  AI)^  —  CD'  =  a'^ 
—  b'^  by  w^,  called  the  modulus  of  the  linkage,  we  have 

/V>'  =  ;/r  ^_  _      (1) 

ReCerriiig  to  h^igs.  2  and   3,  Section   1, 
we  see  that   tiu-  fixed   centre   C",  midway 
between  B  and  C'and  the  radius  bar  C'B,^ 
forces  the  vertex  B  to  move  in  the  peri- 
meter of  a  circle  pa.ssing  through  the  pole 
0  (fixed  point),  tlic  prime  radius  of  which 
is  its  diameter.     This  gives 
()  =  2  /■  COS.  a 
in   which   r  =  OC  =  C'B  and  a  =  the  angle   through   which   the 
[)oint  B  is  moved  with  respect  to  the  fixed  line  ACB.   Substituting  this 
value  in  E(|uation  (1),  we  have 

sec.  a  2 


2  r  COS.  a  "Ir 
Which  is  the  polar  equation  of  a  straight  line  at  right  angles  to  the 
prime  radius  ABC,i\n{\  we  see  that  the  })oint  A  will  describe  a  straight 
line. 

Tiie  form  of  cell  outlined   in   Fig.  2  is  commonly  called  a  negative 
cell,  and  that  in  Fig.  .■)  a  positive  cell. 

Referring  to  Section    2,  and   using   the   notation    there    given,  we 
have  for  any  |)osition  of  ("  between  B  and  C 
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fj-  —  2  (^  o  COS.  a  =  r  —  (P 

p  =  (7  COS.  a  -±1    ]    r  —  <l'^  ^\\\r  a  V^) 

Sub.stitutiiiy;  fur  a  its  value  —  we  have 

P 
m^         2  d  iiv'  '.,         y,       T       1     . 

— ^  —  —  COS.  a  ^  /•■  —  a-  aiKl  reducing 


1  ''*■"  f^  ,      \(m-r\-         (iii-d\-.  , .. 


If  in  this  equation  we  place 

D=Z^!1  andi?=-^i:- 
r—(P  >^—d' 

Equation  (4)  becomes 

p^  =  B  cos.  a  ±  1    i?-  —  jD    sin.^  a  (5) 

and  we  observe  that  Equati(Mis  (3)  and  (5)  are  similar ;  therefore  while 
the  vertex  B  describes  an  arc  of  a  circle  as  stated  with  the  radius  r 
and  centres  at  a  distance,  d,  from  the  pole  C,  the  vertex  A  will  describe 
an  arc  of  a  circle  whose  centre  is  on  the  prime  radius  at  a  distance,  D^ 

=  from  the  i)ole  C  with  a  radius 

It'  we  make  the  distance  between  B  and  O  (Figs.  2  and  3)  constant 
and  :=  2  e,  and  denote  the  distance  of  the  point  C^  from  a  point 
bisecting  the  line  BC  hy  .v,  we  can  simplifv  this  equati(jn. 


Let  d  ^  e  ±:  .v 

"    /•  =  c  q=  .-c 

We  have  R  =  -^^  =   -  "^'i^—^'}  or  =  "It^ 

1^ — d-  A  e X  4  ex 

Still  further  reducing,  we  have  for  the  value  of  x 

in- 


e 

III' 

■  or  —  X  =  ^72  (8) 

—  —  AR  ^  ' 

e 

since  in  the  latter  cii.se  R  is  of  the  contrary  sign. 

We  have  now  a  ready  means  of  computing  the  distance  .r  to  the 

right  or  left  of  the  central  point  of  the  line  BC,  in  order  to  describe 

an  arc  of  any  required  radius,  R. 
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When  .v  is  -\-,  i.  e.,  moved  to  the  right,  the  arc  is  convex  to  the  pole 
C,  and  Equation  (7)  sliould  be  iLsed  ;  when  x  =  0  wo  have  an  arc  ot" 
infinite  radius,  a  straight  line ;  when  .r  is  — ,  /.  c,  moved  to  the  left, 
the  arc  Ls  concave  to  the  pole  C,  and  Ec^uation  (8)  should  be  used  in 
computing  the  radias. 

The  compound  compass  shown  in  Fig.  7  is  ada]>tcd  to  drawing  arcs 
of  a  little  over  3  feet  in  length. 

The  construction  will,  in  the  light  of  jirevious  explanations,  be 
readily  understood  ;  in  it  we  have  taken  a  =  12  inches 

6=8      " 
2e=12      '• 
giving  m^  =  144  —  04  --^  80 

This  will  be  found  a  most  convenient  size  for  the  ordinary  purpases 
of  the  draughtsman. 

At  C"  is  a  split  joint,  such  as  is  used  for  ])rc»portional  dividers,  and 
the  vertex  B  is  steadied  by  means  of  a  hole  and  pin  while  the  joint  is 
being  adjusted  at  any  retpiircd  distance  from  C",  this  joint  sliding  in 
the  slots  in  the  radius  bar  C^B  and  tiie  ruler  CB.  A  scale  reading  to 
hundredths  of  an  inch  is  laid  oft"  from  the  central  point  f  three  inches 
both  ways. 

The  better  method  of  locating  the  mid  point  C"  is  to  adjust  it  tenta- 
tivelv  until  the  vertex  A  describes  a  perfectly  straight  line.  The 
following  table  of  values  of  x  for  circles  of  radii  between  10  and  120 
inches  has  been  computed  by  means  of  Formuhe  (7)  and  (8),  which 
reduce  to 


Convex 

Concave 

Radius 

arcs 

arcs 

^x  = 

—  X  = 

10  in. 

1-500 

3-000 

20  " 

0-857 

1-200 

30  " 

0-GOO 

0-750 

40  " 

0-402 

0-545 

50  " 

0-375 

0-428 

60  " 

0-316 

0-353 

70  " 

0-273 

0-300 

80  " 

0-240 

0-261 

90  " 

0-214 

0-231 

100  " 

0-1114 

0-207 

110  ** 

0-177 

0-188 

120  « 

0-162 

0-171 

60 


±x  = 


\0±:MI 


(9) 


and  can  be  used  for  computing  the  value  of 
X  for  circles  of  any  radius  from  3 J  inches 
to  infinity  or  a  straight  line,  with  an  instru- 
ment of  the  described  pro[)ortions. 

In  order  to  use  the  in.strument,  j)lace  the 
ruler  CB  on  any  normal  to  the  circle,  adju.><t 
tlie  joint  at  the  re([uired  distance  x  and 
ciuise  the  pencil  in  the  vertex  A  to  coincide 
witii  the  starting  point  of  the  circle  sliding 
the  ruler  upon  the  normal  luitil  the  prop<!r 
position  is  rcaclic*!.     'i  he  c.'rcJe  can  tJien  be  described. 
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Referrincr  to  the  special  elliptic  linka,i<e,  Section   3  of  Peaucellier's 
paper  Fig.  4,  if   OA  =  A  B,  we  liave  Fig.  S,  r  =  0A=  AB  and 

^1   A  P  onrl 


56 

t, 


and  reducing 


l- 


(2rx-:,f) 


(12) 


which  is  the  equation  of  an  ellipse  referred  to  its  vertex' aiul  of  which 
the  major  and  minor  serai-axes  are  /■  and /•. 


Ki.-.  7. 
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Referring  to  the  special  elliptic  rnikage.  Section  3  of  Peaucellier's 
paper  Fig.  4,  if  0A  =  A  B,  we  have  Fig.  8,  r  =  0A=  AB  and 
^1  =  AP  and 

."^=(^)'(^<'-  +  '"-— '0 

the  equation  of  an  ellipse  referred  to  its  vertex  of  which  the  transverse 
and  conjugate  semi-axes  are  (/•  4-  d)  and  (r  —  d). 

The  case  is  different  when  AB  is  greater  than  OA  and  of  interest, 
as  covering  the  ordinary  instance  of  a  point  on  a  connecting  rod  which 
describes  an  egg-shaped  o\al  closely  approximating  to  an  ellipse. 

Fig.  8. 


The  equation  of  the  curve  described  by  a  point  P  at  a  distance  d  from 
A  on  the  line  AB,  Fig.  8,  when  referred  to  rectangular  co-ordinates 
Avith  the  origin  in  the  perimeter  at  a  distance  {r  +  d)  from  0,  and 
with  OB  for  the  axis  of  abscissas  is,  representing  AB  by  I;   0  ^  by  i\ 

:c  =  r    '    d-   ^     '^  (/  -  df  =rj/^T~l'cr-  {I  -  df^c^Y 

"^  l  —  d.  (10) 

For  d  =  0  we  have  tf  =  2  ?•  x  —  .r^  the  equation  of  a  circle  with 
the  radius  /•. 

For  d  =  I  MX'  have  x  =  cc  which  is  the  eipiation  of  a  straight  line 
coinciding  with  the  axis  of  abscissas. 

If  we  cause  equation  (10)  to  take  the  form 

-'•K'^^^)-'(-^^.?)(") 

and  neglect  the  last  term  as  inconsiderable  when  d  is   relatively   small 
or  I  verv  great,  we  have 

\       {i—dy 

and  reducing 

,,■'=  ^LzJ^  {2rx-,^  (12) 

which  is  the  equation  of  an  ellipse  referred  to  its  vertcx'and  of  which 
the  major  and  minor  .semi-axes  are  r  and  - r. 
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The  special  linku<j::e  shown  in  Fi;;.  9  was  clevisetl  by  Mr.  Frc-eland^ 
University  of  Pennsylvania,  and  will  describe  a  hyperbola,  it  is  a 
positive  cell  havinjr  the  lon^^er  arms  split  and  tnrned  through  a  fixed 
angle,  being  ftistened  together  at  F,  tlu"  arm  .4 /-Vv' forming  one  piece^ 


FiL'. !». 


A/ 


and  the  arm  BF(j  another.  The  puiiit  L  l)eing  fixed,  tlie  [toint  1'  is^ 
forced  to  move  along  the  straight  lin<'  LM,  the  })oint  P  will  describe 
u  hy[)erbola.     The  (■([iiatioii  oo'  =  ///-  being  that  of  a  hvperbola  referred 

A'  +  B'         \      .  ,     ;. 

se  //(-  = 1 ,  aii<l    A    and    B    are 


to  its  asymptotes.      Intli 
Fig.  10. 
M 


the  major  and  nnnDr  scini-axi's  nt 
the  hyberb<»la. 

The  linia^on  of  Pascal  is  a  cnrve 
traced  bv  a  |n>int  on  a  line  whicli 
projeets'a  constant  ilistance  l)eyond 
the  eircnnd'erence  and  |)a.sses  throngh 
a  fixed  point  on  the  circumference  of 
a  circle. 

In  the  conil)inatinn  ot'  linkages 
-lidwn  in  I'^ig.  o,  the  finicti<»n  of  the 
cell  ACC^B  is  by  means  of  the  bar 
C^Cf  to  cause  tlie  prolongation  of 
7,1/ to  pass  throngh  the  jxtint  A  in 
all  its  positions,  as  IM  is  rigidly 
fastened  to  /C'C"  and  at  right  angles 
to    it.       In    this    linkage,    the    only 
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points  fastened  to  the  surface,  upon  whieli  tliese  two  linkages  move^ 
are  A  and  C. 

This  assemblage,  although  theoretically  fulfilling  the  re(|uired  con- 
ditions, is  too  complicated  for  ordinary  purposes. 

A  good  niechaniad  substitute  is  shown  in  Fig,  10,  which  is  lettered 
as  in  Fig.  5.  The  place  of  the  cell  A  CC^B,  Fig.  5,  is  supplied  by 
the  slotted  ruler  MIA  P,  and  the  radius  bar  C^  I.  The  same  cell 
may  be  iL'^ed  as  that  shown  in  Fig.  7,  the  alteration  required  being  in 
the  ruler  ased  as  a  basis.  The  \An  C  ^  is  fixed  and  the  radius  bar 
can  be  made  adjustable  at  /  in  the  slot  I  A,  and  to  any  length.  The 
point  A  is  fixed,  the  slotted  ruler  sliding  upon  it.  The  point  J/is- 
fa.stened  to  the  ruler.  The  point  P  will  describe  conic  sections  as  in 
Fig.  5. 

IJI  =  — ,  III  being  the  modulas   of  the  cell  andp  =  the  semi- 
P 
latas  rectum  or  half  the  principal  parameter. 

C,I  =  — -  in  which  s  =  the  eccentricity  of  the  conic  section. 
2p 

We  have  now  a  ready  mechanical  means  of  describing  any  recjuired 
straight  line,  circle,  ellipse,  parabola  or  hyperbola  as  the  case  may  require. 

Letting  A  =  the  traiLsverse  and  B  =  the  conjugate  semi-axes,  we 
have  for  an  ellipse 

IM=  J^llA.  and   C\  I  =  ^'^'(^^^^zJll 
B-  '  2  B- 

For  a  hyperbola 


/J/=_'^i!A  and    C,I=   ^'^    i^-r^) 
B-  '  '2B' 

For  a  parabola 

/lf=!^and    C,  1=^1 
[J  2p 

Referring  to  the  linkage  for  the  cissoid,  Fig.  6,  we  have 

AB  =  CB  -  CA  =  ^!il  -   CA  ;  or, 
CA 

m'  I  m  tiin.'  a 

{>  =  —  —  (>   = —  inro.^.  a  =  III =  III  sin.    a  fan.  a 

f>^  cos.  a  COS.  a 

which  is  the  polar  equation  of  the  cissoid  under  the  condition  i)laccd 
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C^  A,  being  the  [xjlar  axis  and   m   the  diameter  of  the  circle  passing 
through  A  of  a   radiu.s  =  0^  A  =  —. 


1-Vll. 


In  Fig.  11  (this  figure  is 
(li.'^torted,  eaeli  parallelogram 
should  be  a  rhomb)  is  shown 
an  ingenious  adaptation  of 
a  linkage  to  the  tracing  of 
ellipses  due  to  Mr.  Freeland, 
student  in  this  Univei*sity. 
The  point  C^  is  fixed,  the 
])oint  C  is  forced  to  follow 
the  .straight  line  O'CO,  CK 
=  FA  =  EC.  The  point 
A  traces  a  circle  of  the  radius  C^A,  and  the  point  B  traces  an  ellip.se 
OB.  The  point  opj)osite  to  E  in  the  large  rhomb  and  the  two  uidet- 
tered  jwints  in  the  other,  also  describe  elli]>ses. 

FiL'.  12. 


We  will  close  this  brief  es.say  by  an  explanation  of  Hart's  Perfect 
Parallel  Motion,  which  is  de.'scribcd  by  Mr.  Kom]v>  in  "How  to  Draw 
a  Str.ii<rht  liine." 

This  linkage  is  remarkable,  l)ecanse  only  four  rods  are  required  where 
six  are  used  in  PcauccUicr's  cell.  It  will  be  perceived  that  this  linkage 
CD^DL\C  in  a  parallelogram  in  a  reversed  position,  /.  c.  the  rods  C'/>, 
and  (7jZ>  instead  of  being  parallel  are  cro.ssed  (Fig.  12). 

I^et  a  .-straight  line  Al\PA^  be  drawn  parallel  to  C^Dy,  cutting  all 
the  links  in  AI\PA,. 


June,  1879.]                       M< 

-Let  AP  =  i> 

a 

AP,  =  f>^ 

u 

AC,  =  a, 

a 

AC=a, 

a 

CD  =  h 

a 

CiA  =  b. 

iC 

CO,  =  a.. 

(( 

C,E=D,F=d 

(( 

OE=nF=h 

c,n  =  6, 

d-  +  /(2  =  a./,  subtrac 

hi 
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The  similarity  of  the  triangles  CC^D,  and 
C  AP  and  also  *  C,CD  and  C\AP,  which  is- 
trne  for  all  positions  gives  the  two  propor- 
tions 

IL^^ll  and  ^  =  -^ 
6i        «3  b        «3 

1     2 

Therefore,  pn^  = hh^ 

But  hb'  =  6  (6  +  2d)  =  6^4-  26f?. 

From  the  right  angled  triangles  CiFD  and 
C\EC  we  have  (6  +  df  +  A^  =  63^  and  also 
ig  the  latter  from  the  first  we  have 
-\'  =  b^  —  2bd  =  bb, 
Therefore,  f>p'  =  ^^  (^^2  _  ,,^2)  _  ,,,2^ 

All  the  terms  of  the  second  member  of  this  equation  being  constants^ 
we  have  a  linkage  with  the  same  properties  as  the  Peaucellier  Com- 
pound Compass.  The  point  A  being  fixed  and  either  of  the  points  P 
or  Pj  being  forced  to  move  in  a  circle  with  the  circumference,  passing, 
through  A  the  other  will  describe  a  straight  line.  These  points  are 
interchangeable. 

There  are,  of  course,  many  other  forms  of  linkages  besides  the  ones 
described,  and  it  is  to  be  hoped  that  some  mentioned  in  this  paper  can 
be  greatly  sim^jlified. 

The  degree  of  exactitude  which  is  required  in  the  mechanical  work- 
shops of  the  United  States  is  daily  becoming  greater,  and  at  present 
tries  our  machinery  to  the  utmost. 

With  the  possibility  of  a  mathematically  straight  line  before  us, 
with  a  means  of  describing  an  arc  of  a  circle  of  any  radius,  in  a  con- 
venient shape,  and  with  the  conic  sections  almost  as  easily  describable 
as  a  circle  ;  there  is  no  reasonuvhy  our  mechanics  should  not  produce 
machinery  of  an  exactitude,  and  in  forms  hitherto  deemed  imattainable. 
University  of  Permsylvania,  February  18th,  1879. 


Wealth  of  France  and  England. — The  national  wealth  of  Eng- 
land is  estimated  at  $39,200,000,(J0U,  that  of  France  at  $40,300,000,- 
000.— Fortsch.  der  Zeit. 
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THE  i)Kl\'lNG  roWEH  OF  LEATHER  BELTS. 


By  Robert  Briggs,  C.  E. 


h\  tlie  Joi'HXAL    OF    THE    FllANKElN    INSTITUTE  for  Mliy  will    Ix' 

iound  a  translation  of  a  j)aj)cr  on  leatlier  belts,  which  paper  appeared 
in  a  coninumication  to  the  Industrial  Society  of  Mulhoiise,  in  May, 
1835.     The  following  is  the  basis  of  the  paper: 

"The  science  of  applied  mechanics  jjives  the  formula  relatinj;  to  this 
-subject  as  follows:      Calling 

P,  the  resistance  to  Ik-  nvrrcoiiK-, 
e,  the  base  of  Napcrian  logarithms, 
/',  the  coefficient  of  friction  of  leather  upon  cast  iron, 
}{,  the  radius  of  the  judliy, 
s,  the  Icny-th  of  the  arc  of  contact. 
^* 'J'lic  foi-niula  is  written  thus: 

rs 


Friction  =  P^(,.)*— 1  \ 


It  is  late  to  correct  an  erroneous  deduction  of  forty -foiu*  yeiu's  since, 
but  a.s  the  paper  is  resuscitated  with  the  evident  purpose  of  showing  or 
<'omparing  the  ajiplicability  of  its  results  to  present  use,  it  is  yet  neces- 
»<ary  to  show  that  the  whole  article  was  foundal  on  a  mistake. 
Adopting  the  formula  in  its  present  sha})e  of 

.fs_ 
Friction  =  J  >((<•) '^  —  \\ 

It  will  be  found  there  should  be  jilaced  for  the  word  "  Friction  " 
some  letter  or  character  which  should  cxpre.s,s  the  dillerence  ol"  tension 
ijetween  the  tight  and  the  slack  side  of  the  belt,  that  is  the  effective 
pull  of  the  belt,  and  tlic  \aliic  for  /*  is  tliat  ofllic  tension  on  the  slack 
side  of  the  belt. 

The  correct  forMiuhc  arc: 

Calling  1\  =  tension  on  tight  side  of  belt, 

'  Jj  =       "  "  slack     "     "     " 

P  =  effective  })idl  on  the  belt  =  7',  —  Tj. 
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Then  the  "  science  of  applied  mechanics  "*  gives  : 

±A  =  e 
To 


^=^.C-^-) 


e 


'-n(''_,) 


The  hist  of  these  forinuhe  is  evidently  that  used  hy  Mr.  Heilmann. 

The  capability  of  the  belt  is  manifestly  its  strength  to  resist  the  ten- 
sion 1\  on  the  tight  side  of  the  belt,  and  consequently  the  figures  of 
comparison  of  ratio  of  the  effective  pull  to  the  tension  on  the  slack 
side  of  the  belt  (which  are  those  given  in  the  paper)  possess  no  practi- 
cal value  whatever. 

AVhile  calling  attention  to  the  mistaken  use  of  formula  in  this  com- 
putation, it  may  be  proper  to  show  what  would  have  pnx'eeded  from 
correct  use  with  the  data  accepted  by  M.  Heilmann  ;  taking  Moran's 
coefficient  of  friction  and  M.  Laborde's  table  of  force  exerted  by 
pulleys  with  180°  contact.  When  the  ratio  of  effective  f(n-ce  =  P  to 
the  tension  on  the  tight  side  of  a  belt  =  T^  for  different  angles  of  con- 
tact ;  for  0*122  frictional  adhesion  of  belt  to  pulley  becomes : 

Angle*      :Vt=  fAV^        90=         lUfi        IMt^         1«0°       210°       240°        270=        300=        :«0°        360° 

P 

—    =  o-06iy  =O-0994=O-1744=O"2255=O-27:J4=O-:n84=0-;«!05=O-40Ol  =0-4371  =  0-4721=O-5O47=O-5:»4 
••i 

These  figures  give  the  multipliers  of  widths  of  belts  as  given  in  M. 
Laborde's  tables  for  various  angles  of  contac;t. 

=  5:M4  =  3-2<«  =  lK2r.  =-  1-4:J1  =  llfK.  =       0    =  irmi  =  0-796  =  0-728  =  0-074  =  0-6:51  =  0-595 

The  above  figures,  however,  possess  only  the  merit  of  accurate  com- 
putation ;  n(tt  having  the  lea.«t  of  use,  as  the  coefficient  of  friction  on 
M-hich  thcv  are  base<l  is  three  and  a  half  times  too  small  for  conformity 
with  any  practice. 

It  will  be  noticed  that  the  paper  assumes  a  value  for/.  "  The  ratio 
of  friction  to  })ressure  for  leather  upon  plane  surfaces  of  cast  iron  has 
been  tiiken  from  the  experiments  of  M.  Morin."     A  simjjle  retrograd- 

*"R:inkine's  Applied  Mechanics,"  p.  618';  tlie  same  will  be  found  in  any  work  on 
applied  mechanicss. 
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ing  computation  liiuls  ti\>m  tlie  tal)l('s  this  assnim-d  valiu-  to  liavi-  Ikvh 
0'122.  Direct  ex|>erimentH,  which  can  ho  rcpeatoil  by  any  mechanic 
at  any  moment,  have  sliown  tliis  ratio  to  be  as  large  a<«  ()*o8  under 
f'avorabh-  conditions,  and  that  over  ()'4()  can  Ik*  accepted  as  the  hohl  of 
the  belt  in  general  practice. 

Tn  the  JofUNAi,  (v(»lninc  CVI),  November,  lS7S,p.  oOl^thecoinnu-nt 
upon  M.  Laborde's  pajK'r  com|)Utes  the  strain  on  the  belts  at'ccj)tcd  a>  a 
l»asis  bv  M.Labordeat  15*"1")  poiind>  ])ci-  inch  ot"  width.  This  compu- 
tation makes  no  distinction  between  the  stniin  on  the  ti<i:ht  side  of  the 
belt  and  the  ij^'ectire  strain  on  the  sjime  sidi-  acc<'j)ted  by  M.  l..al»orde 
a.s  the  mea.sure  of  imj)arted  force.  If  the  friction  of  a  belt  on  its 
pulley  be  taken  at  0*42  and  the  angle  (tf  contact  1H0°,  then  the  tension 
on  the  tight  side  of  a  belt  e.\erting  an  effective  pull  of  11>-15  pounds 
is  26*26  pounds  and  the  tension  on  the  slack  side  will  l)e    7"11  pounds. 

It  may  be  well  to  recaj)itulate  a  table  which  was  given  s(»me  years 
since  in  the  Joi'RNAL  of  the  Fkanklix  Institutk.* 

Maximum  Rtnuii  un  bolting  'J*°>?:<  |'<iiiii>Ih  |ht  imli  of  u  jiltli  ;  oH'tliiicut  nf  frii-tioii  niiiKli'  li-atluT  )>i-lt><  uii  iron 
pulleyn,  &4'1. 

Arc  of  contact,  "i  I'"'  Wn  Ijn  l; .  U<OP  1«0^  '.ilil''  •J40'^  SJvP 

Strain  tnin»niitt.'<l  (ihhmi.Ih).  :f2:ir.  MM)  :i7(i7  aulM  4J(h;  4404  4!»lil  .VJ.VJ  <V..:M  ftTfiK 

Tension,  l.M*i' Hide,  :U:il  :il-87  iOW  JT  4'.'  iMU  Tim  ITtMi  1414  ll:«  009 

Total  tiMiHii.n  on  bvlt,  1(K>".I8  9«-54  90-27  'Mi  xm-tii  ^4■:l:t  («i«l  7MU1  7r)-7*> 

Strain  Ix'twci-n  axi'»  of  pulli-vr'  il<- 

rivwl  from  tlio   Im-Ii  wliVii  iit     71-40      7r>lt4    7km.-,    sI  .v»      fAM     86-68    »4-;tt    7S(»7    «7iV.    r,:irtf, 
work,  ,    '>■:•'.'. 

Tension  on  «uli  (d.lo  whin  lit  rwt,    .'>u-4!i      4'.tJ7     4^14     47(i«      4.>(i4      U'io    4J17    4ii-4l     lU'lxi    :i7kS 

The  Itist  line  shows  how  tight  a  belt  must  be  made  in  order  to  give 
out  its  maximum  strain  of  (iUH  jM)unds  |)er  in<h  of  width  when  at 
work. 

Telegraphic  Announcement  of  Freshets. —  Tlic  minister  of 
public  works  is  experimenting  ujxtn  the  J.iOt,  in  the  Department  of 
TArveyron,  with  an  ele<'tric  apparatus  for  produciivg  an  automatic 
record  of  the  variations  in  the  level  of  rivers,  so  as  to  signal  the  occur- 
rence of  freshets  as  soon  as  they  arise,  in  order  to  give  the.  inhabitants 
of  the  river  banks  as  nuich  time  as  poKsible  to  ward  off  the  danger. 
The  apj)aratns  em|)loyt'd  is  similar  to  one  that  was  invented  by  one  of 
the  government  engineers  who  is  in  the  Algerian  service.  Professor 
('(xlazza,  Sig.  Cabella  and  Profe.s.sor  Ferrini  have  also  devised  indica- 
t^>rs  for  the  siime  purptwe. — V  Elect  rleitt;  J I  I'o/lfeoiiro. 

♦January,  1868. 
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SOME    EXPERIMENTS  ON  ALLOYS   OF  SILVER  WITH 
EMBRITTLING  METALS. 

Made  at  the  United  States  Mint,  Philadelphia, 

BY 

Alexander  E.  OuTERBRroGE,  Jr. 


It  is  a  fact  very  well  known  to  metallurgists  that  the  presence  of 
certain  base  metals  in  refined  gold  and  silver,  even  in  such  small  per- 
centages as  to  render  their  detection  difficult,  if  not  impracticable,  bv 
ordinary  chemical  tests,  will  nevertheless  exercise  such  an  injurious 
effect  in  regard  to  ductility,  hardness,  etc.,  as  to  render  the  metal 
totally  unfit  for  coin  or  the  industrial  arts,  thereby  necessitiiting  the 
removal  of  these  impurities  by  oxidizing  fluxes^  or  other  equivalent 
meiins. 

It  is  also  well  established  that  during  the  process  of  removing  these 
impurities  (technically  called  "  toughening"),  an  inevitable,  though 
variable,  loss  occurs. 

This  loss  may  be  directly  traced  to  three  causes : 

First.  To  the  formation  of  volatile  compounds  of  gold  or  silver 
with  the  baser  metals. 

Second.  To  the  violent  action  on  the  surface  of  the  metal  durino: 
the  decomposition  of  the  oxidizing  agent,  thereby  causing  minute  par- 
ticles of  the  molten  metal  to  be  sprayed  from  the  surface. 

Third.  To  the  upward  current  of  air  and  flame  sweeping  over  the 
surface  of  the  molten  metal  in  the  pot  drawing  into  the  flue  the  vapor- 
ized metal  and  the  fine  spray. 

These  vapors  are  c-arricd  by  the  strong  draught  of  the  wind  furnace 
out  of  the  chimney,  where  they  partially  fall,  in  a  sort  of  fine  rain,  upon 
the  roof  of*  the  Mint  and  neighboring  buildings,  and  a  larger  portion 
is  carried  into  free  space  and  lost. 

Attempts  have  been  made  to  recover  the  metal  thus  dissipated  by 
means  of  shelves  and  other  devices  arranged  in  the  flue,  with  but  par- 
tial success,  and  they  have  the  practical  disadvantage  of  tending  to 
impair  the  draught  in  the  wind  furnace. 

It  was  to  overcome  these  difficulties  that  an  apparatus  was  devised 
by  the  writer  to  i)reyent  the  metallic  vapors  and  gases  arising  from  the 
AVhoi^  No.  Vol.  CVII. — (Tjiikjj  SEBiJis,  Vol.  Ixxvii.)  27 
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ineltinjj-pot  irom   cscapinij  into  the  flue  at  all   by  drawing  them  off 
into  a  .>iuitable  condensing  (•hanil)er. 

The  C'hiet'  A.ssjiyer  of  the  Mint,  after  examining  the  drawings,  laid 
tlie  whole  matter  before  the  late  Dirtvtor  of  the  Mint  in  Washington, 
who  in  turn  instrueteil  the  writer  to  have  an  experimental  apjxiratus 
construetcd,  and  **  after  it  is  fini.shed  to  have  it  thoroughly  teste<l  by 
careful  trials  under  the  direction  of  the  Melter  and  Retiner." 

In  accordance  with  these  instructions  the  a])]>aratus  was  made  and 
erecte<l  at  one  of  the  furnaces  in  the  melting  dej)artnicnt,  and  the  trial 
tests  were  commencc<l  (ni  February  5th,  1878,  and  continued  lu^  oppor- 
tunity offered  until  ihcy  were  suspended,  owing  to  the  unprecetlented 
increa.><c  in  the  R'gular  work  consc(|uent  upon  the  passage  of  the  Bland 
Silver  bill. 

The  arrangement  of  the  experiments  having  been  entrusted  to  the 
writer,  he  prepare<l  a  schedule  of  the  jiroposetl  work,  which  was 
:ip))rovc<l  by  the  officers  directly  interested.  It  was  designed  by  the 
writer  that  these  trial  melts  should  also  subserve  a  broader  purj)ose  of 
furnishing  reliable  data  as  to  the  relatively  injurious  effects  upon  refined 
silver  of  small  but  known  j)erceutagcs  of  such  base  metals  as  were 
supj>osetl  to  imj)air  its  good  (jualities.  It  is  this  secondary  portion  of 
the  work  which  is  now  submitted,  albeit  in  an  incomplete  form,  to  the 
readers  of  the  Journal  of  TiiK  Fh.xnkmn  IxsTiTrTE. 

The  .schetlule  as  far  as  completetl  includes  the  pre[)aration  and  sub- 
sequent examinaticm,  analysis  and  refining,  of  alloys  of  silver  with 
arsenic,  antimony,  bismuth  and  lead. 

About  one  thousjind  (10(X))  ounces  of  silver  was  adopted  as  the  normal 
weight  of  refined  metal  to  each  experimental  melt.* 

With  respect  to  the  success  of  the  apparatus,  the  writer  desires 
merely  to  refer  by  permission  to  the  brief  extracts  from  letters  of  the 
officers,  who  observc<l  its  operation,  which  acctunpanied  his  rcj)ort 
made  to  the  late  Superintendent  of  the  Mint.  These  will  be  found  in 
the  foot  note.f 


*  Altlioiijjli  tlio  a.'way  di'iiartnient  lony  since  arlopttxl  the  I'Vencli  system  of  weiglit.", 
viz.,  tlie  ^raiiuiie  an(I  its  deeinials,  the  troy  oiiiiee  is  still  reganknl  as  the  unit  or  stau- 
•  ianl  Mint  weij^ht,  and  is  acc-ordin>jly  eiuj)Ioyed  in  these  exj)erinient«. 

T  Professor  I'.ooth,  the  Melter  and  Keliner,  in  whose  department  the  tests  were  made, 
after  endorsing  the  aceompanying  rejMirt  as  expressing  the  results  of  the  trials  in  their 
integrity,  sjiys,  "In  relation  to  the  Trial  of  Appauatcs,  I  remark  that  the  prineiple 
underlying  Mr.  Outerbridge's  process  is  sound,  viz.,  to  recover  volatilizetl  jjrecious 
metals   liy  drawing  ofl'  the  i)OKsil»le  vajKirs  above  gold   and   silver   in   a  crucible  and 
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He  also  desires  to  say  that  the  credit  for  the  suece&s  which  attended 
the  tentative  tests  of  the  apparatus  is  largely  due  to  the  excellent  sug- 
gestions in  the  mechanical  details  which  were  made  by  !Mr.  Samuel 
James,  the  Master  Mechanic  of  the  Mint,  to  whom  was  entrusted  the 
construction  of  the  machine,  thereby  materially  improving  the  original 
design. 

FiEST  Experiment — Silver  alloyed  with  Arsenic. 

Although  the  metal  arsenic  has  a  great  affinity  for  silver,  it  will  not 
readily  combine  with  it  in  an  open  crucible,  owing  to  its  extreme  vola- 
tility-. The  follo^ving  expedient  was  therefore  resorted  to,  with 
success : 

A  bar  of  silver  which  assayed  999  thousandths  fine  and  weighed 
100*46  ozs.  (troy)  was  first  melted  with  3  ozs.  of  metallic  arsenic  in  a 
black  lead  pot,  with  a  lid  luted  on  with  fire-clay,  and  bound  tightly 
Mith  a  metal  strap. 

The  fire  wa.s  brought  up  gradually  for  two  hours,  then  a  good  white 
heat  for  half  an  hour ;  it  was  then  alloAved  to  slowly  die  out ;  the 
crucible  remaining  in  its  place  was  agitated  in  order  to  bring  fresh 
surfaces  of  the  molten  silver  in  contact  with  the  confined  vapors  of 
arsenic.  A  lump  of  charcoal  was  put  in  the  crucible  to  prevent 
oxidation  of  the  arsenic.  AYhen  the  pot  was  cold  the  *'  king  "  of  metal 
was  broken  out,  cleane<l  and  weighed.  It  turned  the  scale  at  102"98 
ozs.,  showing  that  2*52  ozs.  of  arsenic  had  combined  with  the  silver. 

The  exterior  surface  of  the  "  king,"  as  it  is  technically  called,  pre- 
sented a  light  grey  color.  On  breaking  it  open  this  light  shade  Avas 
observed  to  extend  to  a  depth  of  about  g^th  of  an  inch ;  the  interior 
showed  a  darker  grey  color,  indicating  that  the  surface  contained 
a  smaller  proportion  of  arsenic.  In  order  to  ascertain  this  a  piece  was 
assayed  from  the  surface  and  another  from  the  interior,  with  the  fol- 
lowing result : 

wholly  condensing  them.     I  remark  further  that  his  nifxle  of  effecting  the  result  is,  1 
believe,  new,  simjtle,  effective  and  inexpensive,"  etc. 

Mr.  Wm.  E.  DuBois,  the  Chief  Assayer,  after  alluding  at  some  length  to  the  evils 
whicli  the  apparatus  wa-s  designed  to  overcome,  says  :  "  These  two  j)oints  being  kept  in 
view  by  all  concerned,  it  wa.s  interesting  to  observe  the  changes  and  moditications  bv 
which  the  system  (as  all  systems  are)  was  step  by  step  improved  and  simplified,  until 
it  seems  nearly  complete.  Certainly  it  is  now  in  such  a  satisfactory  shape  as  would 
warrant  its  introduction  into  the  mints  and  a.ssay  offices  and  refineries  generallv  ;  for 
it  is  well  known  that  the  evil  which  it  abates  is  not  confined  to  this  institution." 
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Surface,         ....     975  fine. 

Interior,  .  .  .  971  fine^,,,j  1,,  . 

It  is  po.ssible  that  tlie  |)<)rti<iii  ot"  tlic  metal  toiuliiiig  the  sides  of  the 
pot  reniainetl  hot  somewhat  hm^rer  than  the  eeiitre,  owinj^  to  the  fact 
that  the  pi>t  reniaine<l  in  tlie  fire  until  tiie  wljole  liad  cooled.  The 
v(»latile  arsenic  may  thus  have  been  (h-iven  (or  distilled)  in  to  the  cen- 
tral portion  of  the  solidiiyinjij  mass. 

The  broken  surface  of  the  metal  |)resenteil  a  clearly  crvstiilline  struc- 
ture, and,  althnu<rh  by  no  mwuis  so  ductile  as  fine  silver,  it  was  far 
more  so  than  could  have  been  anticij)atetl.  The  metiil  hammerc<l  and 
rolled  without  splitting.  The  solution  in  nitric  acid  was  perfet^tly 
clear  like  fine  silver,  and  no  trace  of  ai-senic  could  be  dete<'tctl  by  the 
eye  or  smell.  Two  samples  of  the  alloy  were  })reservcd  for  future 
comparisons;  one  wjis  rolled  into  a  ribbon,  to  show  the  malleability  ; 
the  other  broken,  to  show  the  fracture. 

In  the  next  «»|)erati»>n,  952  ozs.  silver,  999  fine,  were  melte«l  iu  a 
No.  40  black  lead  crucible.  When  the  fine  silver  w:ls  perfectly  Huid, 
the  kiuir  of  silver-arsenic  alloy  weighing  1(J2"29  o/.-;.,  w;is  addeil  t<^ 
the  mass;  the  metal  w;ls  then  stirred  and  a  sam])le  for  reference 
extracted 

The  metal  was  finally  toughened  in  the  ordinary  way,  using  nitre 
and  suid.  At  the  end  of  one  hoin*  and  a  half  the  fiux  was  skimmed 
Irom  the  surfiu-e  and  the  metal  poured  into  hu'ge  shoe  moidds. 

The  sample  taken  from  the  mjvss  after  the  "  king"  was  thoroughly 
incorporated,  assaywl  995^,  which  agreed  closely  with  the  theoreticsil 
tineness,  viz.,  99().     This  s;im|)le  was  reserved  for  future  ex|)crinu'nts. 

The  mjuss  tnetal,  after  having  been  toughened  ;is  above  stat«!(l,  w:ts 
cast  into  bars,  and  assayed  998.  The  metal  was  then  ])erfectly  ductile, 
and  no  trace  of  arsenic  could  be  detectal  by  tin;  eye. 

The  sweep  resulting  from  the  grinding  of  the  crucible  weighed  28i 
lbs.  avoirdupois,  and  contained  97*712  grs.  of  jmrc  silver  pei-  |)ound 
avoirdu|)ois.  The  swee|)  from  the  grinding  of  the  ashes  in  the  fur- 
nace weighed  o8  lbs.,  and  contained  '721)  of  a  grain  per  lb.  The 
entir?  weight  of  silver  in  both  sweeps  was  thus  found  to  be  1*12  oz. 
trov. 

Si:c<  )N  I )    \\\  I'KKI  M  K.NT — W  ITil    AnTIMUN  V. 

The  toughene<l  silver  residting  i'nmi  the  previous  experiment  was 
manipulatc<l  iu  the  following  way: 

One    bar,  998   fine,   weighing    119-(50   o/s.,  was   melted    in    a   closed 
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crucible  with  3  ozs.  of  metallic  antimony,  with  the  addition  of  char- 
coal to  prevent  oxidation.  The  pot  was  allowed  to  cool  slowly  (as  in 
the  previous  experiment  with  arsenic),  and  the  king  of  alloyed  metal 
resulting  wa.s  found  to  weigh  122-39  ozs.,  showing  that  2' 79  ozs.  of 
antimony  had  combined  with  the  silver.  The  king  assayed  975  fine, 
and  contained  2h  per  cent,  of  antimony. 

The  metal  was  remarkably  tough  and  ductile,  rolling  almost  as  well 
.as  fine  silver ;  fracture  crystalline  and  coarse. 

Next  a  melt  of  silver  bars,  998  fine,  weighing  786-08  ozs.  (resulting 
from  the  silver-arsenic  experiment),  was  melted  in  a  No.  -40  black  lead 
pot,  under  charcoal.  As  soon  as  it  was  fluid  the  king  of  antimonic- 
silver  alloy  was  added.  The  whole  was  thoroughly  stirred  and  a 
sample  cast  out  for  future  experiments.  This  sample  assayed  994 
fine. 

The  metal  was  now  exposed  to  a  hot  fire  for  a  period  of  one  hour 
and  a  half,  a  current  of  air  being  allowed  to  pass  over  the  surface. 
Nitre  was  added  occasionally  in  small  quantities  for  the  purpose  of 
burning  off  the  charcoal.  During  the  entire  time,  the  antimonic-oxyd 
was  seen  rising  to  the  surface  of  the  metal,  and  burning  off  with  quite 
copious  fumes,  passing  up  the  condensing  tube.  The  water  in  the  glass 
condensing  chamber  became  very  turbid,  and  the  filter  soon  clogged  up 
with  a  hea\^'  sediment.  The  toughened  metal  was  then  cast  into  bars, 
and  assayetl  998  fine,  and  presented  all  the  characteristics  of  fine  silver. 

The  material  on  the  filter  was  dried  and  collected.  It  weighed  1*15 
ozs.  An  examination  under  the  microscope  showed  that  it  was  profusely 
sprinkled  with  extremely  minute  globules  of  metallic  silver.  These 
I>articles  are  nearly  j^erfectly  s{)lierical,  conclusively  proving  that  they 
have  been  volatilized  and  condensed.  The  majority  of  the  globules 
were  verv  much  smaller  than  the  interstices  of  the  filtering  cloth,  thas 
leading  to  the  inference  that  a  portion  of  the  silver  may  have  passe<l 
through  the  wash  water,  and  thiLS  escai)ed  int<^  the  well.  This  fact  was 
conclusivelv  proved  in  the  next  experiment  by  collecting  some  of  the 
water  percolating  through  the  filter,  allowing  it  to  settle,  and  recover- 
ing a  button  of  pure  silver  from  the  sediment. 

An  analvsis  of  the  material  showed  that  it  contained  one-seventh 
{^)  silver,  the  remainder  being  antimonic-oxyd,  colored  by  charc(jal 
•dust.  The  filter  was  burnt,  and  added  to  the  precipitate ;  the  metal 
was  reduced  to  a  button  and  cupelled.     It  weighed  ^^^  ounce. 
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Third  Experiment — With  Bismuth. 

One  bar  of  toughcnetl  silver  (resulting  from  previoas  experiment) 
a.'isaying  998,  weigiiing  137"77  oz.>^.  was  melted  in  a  closai  (luted) 
iruciijle  with  3  ounee.s  of  bismuth  in  the  same  manner  as  before.  The 
king  of  alloyed  metal  weighed  140"73  ozs.,  showing  that  2'96  ozs.  of 
Itismuth  had  eombinetl  with  the  silver.  The  king  resembled  exte- 
riorly the  autinionic-silver  alloy,  but  on  cutting  into  the  metal,  it  was 
found  (unlike  the  antimonic-silver)  to  be  exceedingly  brittle  or  "  short  " 
like  pie-crust.  The  fracture  presentetl  a  coarse  grain  with  a  lustreless 
or  earthy  surface.  The  color  of  the  metal  when  hammered  was  very 
dark  or  leady,  and  the  strii)s  had  a  somewhat  grea.'^y  feeling. 

The  siimple  assayed  975  line,  showing  about  2J  per  cent,  of  bismuth. 
A  melt  of  888'62  ozs.  toughened  silver,  998  fine,  was  then  made  in  a 
\o,  40  pot ;  as  soon  as  it  was  mclte<l  the  king  was  added.  It  was 
thoroughly  incorporated  with  the  nuuss  by  stirring  ;  a  sample  was  taken 
out  and  a.ssayed  996  fine.  The  sample  still  showed  })lainly  the  "  short- 
ening "  effect  of  bismuth ;  the  fracture  was  crystalline  and  fine,  the 
c(,>lor  was  but  slightly  impaired  and  the  assay  slip  rolled  tolerably  well. 

The  ma-ss  \\'a.s  now  exposed  to  a  high  temperature  for  about  three- 
quarters  of  an  hour.  Nitre  was  then  added  copiously,  finally  a  small 
quantity  of  sand  to  thicken  the  flux  just  sufficiently  to  skim.  The  bars 
were  cuist  into  moulds,  cleaned  and  weighed.  On  a.s><aying  the  first  and 
last  bars  it  \vas  found  that  but  little  or  no  improvement  in  fineness  had 
occurrwl.  The  fii-st  bar  assayetl  996,  the  la.>^t  996 J;  they  were  conse- 
(piently  reported  996  i. 

The  difficulty  was,  according  to  Professor  Booth,  that  the  nitre  being 
thin,  failed  to  hold  the  oxyd  of  bismuth  formed  by  its  acti<m.  As- 
soon  as  the  oxygen  (formed  by  the  decomposition  of  the  nitre)  had 
been  driven  off,  the  reducing  action  of  the  black-lead  pot  caused  the 
bismuth  to  go  back  to  the  metallic  state,  when  it  again  formed  an  alloy 
with  the  metal.  (This  metal  was  aftirwards  refined  to  999 J  by  the  use 
of  bone  JLsh.) 

As  the  examination  of  the  j)recipitate  collected  on  the  filter  in  the 
|»n'vious  experiment  had  revi-aled  the  fact  that  the  volatilized  silver 
gloimlt's  were  so  minute  iLs  to  lead  to  the  inference  that  a  j)ortion  had 
pa-s-ieil  through  the  interstices  of  the  filtering  cloth,  an  effort  was  made 

to  r< ver  any  ])articles  thus  escaping.     The  fact  that  the  metid  did  so 

esca|>e  \vas  conclasively  proved  in  this  ex[)eriment  and  a  portion  of  the 
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fugitive  particles  recovered.  In  this  case,  the  water  percolating  through 
the  filter  was  caught  in  a  large  iron  tank,  the  overflow  from  this  tank 
discharged  into  a  second  filter  composed  of  two  thicknesses  of  fine 
twilled  linen.  The  water  in  the  tank  was  allowed  to  remain  at  rest 
for  several  hours  and  then  drawn  off.  On  testing  the  sediment  in  the 
tank,  it  Avas  found  to  be  rich  in  silver  ;  it  was  then  dried,  treated  with 
carbonate  of  soda  in  a  sand-pot.  A  button  of  silver  was  obtained 
which  was  purified  by  cupellation  and  then  weighed  '07  of  an  ounce. 

The  sediment  collected  on  the  second  filter  was  treated  as  above  with 
a  similar  result.  Finally  a  portion  of  the  water  escaping  through 
the  second  filter  was  collected  and  silver  was  traced  here  also. 

Although  many  of  these  particles  or  globules  are  so  minute  that  a 
microscope  with  a  good  magnifying  power  is  required  to  see  them,  they 
may  be  readily  and  beautifully  exhibited  by  agitating  a  beaker-glass 
full  of  the  water  in  the  sunlight,  when  thousands  of  brilliantly  scin- 
tillating points  of  light  are  seen  reflected  from  the  extremely  minute 
face>*  of  the  silver  pellicles.  A  similar  effect  is  described  by  Fara- 
day in  "  Philosophical  Transactions,"  1857.  By  treating  verj^  dilute 
solutions  of  gold  with  phosphorus  he  obtained  the  metal  diffused 
through  the  liquid  in  extremely  fine  particles.  These  particles 
lie  says  "  are  easily  rendered  evident  by  gathering  the  rays  of  the 
sun  (or  a  lamp)  into  a  cone  by  a  lens,  and  sending  the  part  of  the 
c<»ne  near  the  focus  into  the  fluid ;  the  cone  becomes  visible,  and 
though  the  illuminated  particles  cannot  be  distinguished,  because  of 
their  minuteness,  yet  the  light  they  reflect  is  golden  in  character  and 
seen  to  be  abundant  in  proportion  to  the  quantity  of  gold  present." 
He  further  says  that  portioas  of  gold,  in  such  a  fine  state  of  division 
that  "  they  have  not  as  yet  been  seen  by  any  power  of  the  microscope, 
may  have  the  presence  of  the  diffused  solid  particles  rendered  evident 
by  the  sun  in  this  way." 

Supplemental  Experiment  with  the  Silver  Bismuth  Alloy. 

As  already  stated,  the  alloyed  metid  resulting  from  the  experiment 
with  bismuth  was  found  to  retain  four  and  a  half  thousanths  of  bis- 
muth which  the  nitre  had  not  remov^ed.  In  accordance  with  the  sug- 
gestion of  Professor  Booth,  the  metal  was  again  melted  and  coN'cred 
witli  a  coating  of  bone  ash,  holes  were  made  in  this  covering  with  an 
iron  poker  and  grains  of  nitre  were  dropped  through  to  the  exposed 
surface  of  the  molten  metal  ;  as  fast  as  the  bismuth  was  oxidized  it 
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was  ab.sorbcd  and  hold  hv  the  bone  ash  (the  principle  being  the  same 
as  in  cu|)ellati<Mi) ;  at  the  end  of  about  one  hour,  the  bone  asli  wa.s 
taken  off,  a  fresh  supply  of  nitre  and  sand  adde<l,  the  ,><eeond  Hux 
skimmed  off  and  the  metal  ea.'Jt  into  bars.  The  eondensino;  ai)])aratu> 
\va.<  not  u.-^cil,  as  it  was  suppo.>^ed  that  the  bone  a.>^h  eovering  would 
protect  the  metal  from  volatilization.  It  was  found,  however,  that  a 
lo.<!s  of  1'42  ozs.  occurred.  l)uring  the  toughening,  samples  were  taken 
out  at  intervals  of  twenty  miiuites  anil  assayed;  the  fii*st  showcnl  1)97 
the  metal  still  remaining  brittle.  The  second  .•sample  a^^sayetl 
^>{>7.^  and  was  also  brittle.  The  third  assayed  999  an<l  showetl  some 
brittleness,  but  the  fracture  presented  a  clo.ser  grain  than  in  the  two 
former  samples.     It  was  still  quite  unfit  for  coin  ingot  metal. 

The  bars  when  ca.st  had  all  the  appearance  of  fine  silver,  being  jMir- 
fectly  ductile ;  they  assayed  999^  fine.  This  ix}.>*ult  .seems  to  indicate 
that  small  percentages  of  bismuth  affect  silver  more  injuriously,  both 
in  regard  to  its  ductility  and  in  respect  to  the  difficulty  of  it<  elimina- 
tion, than  equal  proportions  of  arsenic  or  antinioiiv. 

Fifth  Experimknt — Silvkr  and  Lead. 

A  bar  of  silver,  999^  fine,  weighing  H2'H.'J  ozs.,  wa'^  nu>lte<l  muler 
■charcoal  with  3  ozs.  of  pure  lead  in  a  clo.sed  crucible.  The  king  of 
alloyed  metal  weighed  85*61  ozs.,  .showing  that  2*78  ozs.  of  lead  ha<l 
combined  with  the  silver. 

The  exterior  of  the  king  had  a  white  or  fro.'^tod  appearance,  (^n 
<'utting  an  assay  chip,  the  metal  was  found  to  be  very  brittle,  having  a 
<lull  leaden  color.  The  fracture  was  not  very  clearly  crystalline,  but 
seemed  more  like  the  effect  of  a  me<'ham'cal  tearing  away  of  the  metal. 
A  similar  effect  was  noticed  in  rolling  and  hammering  the  a.^sav  slip, 
for  while  it  broke  to  pieci's  under  the  haiiuoer,  it  seemed  to  be  ei-uiul)ly 
(like  dry  bread)  rather  than  brittle.  Under  ordinary  inspection,  how- 
ever, it  woidd  have  been  simply  clas,<ed  as  brittle.  The  sample  from 
the  king  as.siyed  !Mi(),  or  contained  A  ])er  cent,  of  lead.  A  melt  of 
bars,  999J,  fine,  weighing  9:n •.").''>,  was  then  ma<le  in  a  No.  10  black- 
lead  pot.  The  king  wa>*  adtled,  mixed,  and  a  .><amj)le  cast ;  this  .siun- 
plc  assayed  99(3].  It  was  fairly  ductile,  had  a  good  lustre  and  color, 
l)Ut  when  c(»m|):iretl  with  a  strip  of  tine  silver  it  was  ai)preciably 
(though  not  greatly)  darker  in  tint. 

A  co:iting  of  bone  ash  wa-<  j)ut  on  and  the  nitreing  performed  as  in 
the  |irevions  cjusc.     Samples  were  tiiken  out  and  assaved  from  timi;  to 
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time  until  the  metal  wiis  found  to  be  sufficiently  refined.  In  about  one 
hour  the  bone  ash  was  removed  and  the  bars  cast.  Owing  to  some 
accidental  cause  (probably  the  want  of  a  sufficient  covering  of  charcoal), 
the  metal  "  spurted  "  or  '*  vegetated "  on  the  surface,  rendering  it 
necessiiry  to  remelt  and  recast  the  bars,  and  when  this  was  done  they 
presented  to  the  eye  all  the  characteristics  of  perfectly  pure  metal. 
When  the  small  chip  was  (^it  off  for  assay,  there  was  no  evidence  of  a 
tendency  to  crj^stallization,  and  the  sample  was  laminated  into  a  ribbon 
Y^th  of  an  inch  in  thickness,  without  splitting.  The  assay  showed 
that  the  metal  was  now  refined  to  999i  thousandths. 

To  briefly  recapitulate,  the  results  obtained  in  this  work — which  the 
Avriter  desires  shall  be  regarded  rather  as  preliminary,  and  therefore 
capable  of  possible  modification  on  more  extended  investigation — are 
these : 

It  was  ascertained  that  the  arsenical  silver  alloy,  contrary  to  the  gen- 
eral expectation,  was  the  least  volatilizing  in  silver  in  comparison  with 
more  refractory  metals,  and  that  the  alloy  might  contain  one  per  cent. 
of  arsenic  (silver  990,  arsenic  10)  without  materially  injuring  the  ductil- 
ity ;  l)ut  if  carried  to  two  and  a  half  per  cent.,  the  mixture  was  quite 
brittle. 

The  antimonic-silver  alloy  caused  a  very  much  greater  loss  of  silver, 
and  yet  its  brittling  effect  was  much  less  than  had  been  anticipated. 
Bismuth  was  the  most  brittling,  and  in  this  experiment  proved  by 
far  the  most  difficult  to  remove  by  fluxes  that  operated  effectively  u|)<>n 
the  two  former. 

Lead  caused  a  greater  loss  than  any  of  the  former  with  the  excep- 
tion of  autimony.  The  brittleness  of  those  was  crystalline,  of  this 
rather  crumbly  or  amorphous,  yet  three  parts  in  a  thousand  did  not 
spoil  the  ductility. 

While  it  has  been  a  source  of  regret  to  the  writer  that  these  trials 
have  been  suspended,  for  tiie  reason  given,  prior  to  the  completion  ol" 
the  pre-arranged  schedule,  he  is  led  to  hope  that  they  may  form 
the  entering  wedge  into  future  investigations,  which  are  much  needed 
to  afford  a  complete  elucidation  of  the  difficulties  that  beset  the  man- 
ipulator in  the  precious  metals,  whether  in  the  ]n*eparation  of  coin 
mctiil,  ornamentiil  ware  or  gold  leaf,  in  the  want  of  ductility  of  the 
alloys,  and  he  is  also  encouraged  to  think  that  they  may  serve  to  throw 
a  passing  glimmer  of  light  upon  this  rather  obscure  subject,  in  support 
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of  which  hope  lie  refers  the  reader  to  an  extniet  on  this  snbject  from 
the  letter  of  the  assaver,  already  alludal  to.* 

Tables. 

The  following  tabular  statement  shows  the  gross  weight  of  metal 
oi>erated  upon  in  each  experiment  and  the  amount  of  fine  silver  con- 
tained therein,  together  with  the  gross  weight  and  amount  of  tine 
silver  recovered  from  the  toughening  process  : 

FIRST    KXPERIMENT.  OUNCES. 

Gross  Weight.       Fine  Silver. 
Refined  silver,  !»90  tine, .  .  .      1()5'2-4G 

Metallic  arseni<-,      .  .  .  .  2*52 


Total  weight  of  metid  operatetl  on,  .     1054'98  1051-40 

Total  weight  of  metal  recovered  in  the    form 

of  bars,  samples  and  "  sweep,"  .     1053*32  105M5 

Apparent  loss  of  silver,  .  .  25 

SECOND    EXPERIMENT. 

KcHncd  silver,  I>08  fine, . 
Metallic  antiinnnv,  . 


905-fi8 

2-79 

iM  18-47 

i>03-8G 

903- IG 

900-21 

Total  weight  of  metal  operated  on. 
Total  weight  of  met;d  recovered,    . 

Apparent  loss  of  silver,  .  .  .  3*05 

*"  I  took  a  particular  interest  in  this  investigation  for  two  reasons:  First,  I  was  sure 
tliat  we  knew  too  littK^  pnictieully  ahout  the  efiect  of  a  snuUl  presence  of  such  metals 
a>*  arsenic,  lead,  etc.  That  is,  we  <lepen(le<l  t(M>  luucii  upon  siip|)osition,  iu<  to  the  extent 
or  the  (legrif  in  whieli  tliev  were  injurious  to  the  precious  nietals  for  coining  pnriM)ses. 
It  W!ts  worth  while  to  make  some  severe  ami  decisive  tests  uikiu  that  jwtint.  *  *  * 
Ax  you  have  already  seen  hy  Mr.  ( >uterhridge's  report  in  detail,  the  alloying  and  vol- 
atilizing cx|H-riments  were  made  with  four  metals  in  conjunction  with  silver,  namely: 
arsenic,  antimony,  l)isnmth  and  lead.  These  are  the  chief  enemii's  thai  trouhle  the 
camp  of  the  silver  miner  and  reliner.  Nor  are  they  less  dreaded  at  the  mint,  since  a 
small  pro|>ortion  of  either  will  nuike  r>ur  gold  or  silver  refractor}-,  hrittle,  crystalline 
or  cnimbly,  *  *  ♦  w^.  ,„„j,(  \lny^i  ductile  metal  to  work  with.  Hence 
these  experiments  have  for  us,  as  I  have  said,  a  twofohi  interest,  as  hitherto  there  have 
Idi'u  no  trials  that  we  know  of,  at  home  or  ahroad,  on  any  considerable  scale,  or  in 
pro|K'r  iinlk.  *  *  *  On  the  whole  we  h:ive  learned  a  g(MKl  <leal,  and  I 
hoiK-  ilu-se  exjK'riments,  without  respect  to  the  saving  from  wjiste,  may  be  made  acces- 
sible to  parties  interested  in  our  own  liunl  and  in  foreign  parts" 
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THIRD    EXPERIMENT. 

Refined  silver,  998  fine, . 
Metallic  bismuth,    . 

Total  weight  of  metal  operated  on, 
Total  weight  of  metal  recovered, 

Aj>parent  loss  of  silver,  . 

FOURTH  EXPERIMENT — {Su2)plemental) 
Silver-bismuth  alloy,  996^  fine. 
Total  weight  of  metal  recovered. 

Apparent  loss  of  silver,  . 

FIFTH    EXPERIMENT. 

Refined  silver,  999|^  fine, 
Metallic  lead. 

Total  weight  of  metal  operated  on. 
Total  weight  of  metal  recovered, 

Apparent  loss  of  silver,  .  .  •  3-07 


1026-39 
2-96 

1029-35 
1027-18 

1024-3S 
1023-31 

nental). 

1020-56 

1015-79 

1-02 

1016-7;^ 
1015-31 

1014-36 

2-78 

1-42 

1017-14 
1011-78 

1013-8.> 
1010-78 

REMARKS  ON  THE  GENERAL  THEORY  OF  THE  CEN- 
TRIFUGAL GOVERNOR  FOR  STEAM  ENGINES. 


B  y    L.    d'A  u  r  I  a, 

Professor  of  Applied  Mechanics;  former  Engineer  of  the  Military  Topographic  Insti- 
tute in  Italy,  Marine  Architect,  etc. 


In  any  centrifugal  governor,  the  masses  moved  by  the  centrifugal 
force  resist  the  rotation  by  the  inertia  with  a  force  equal  to  the  ma-sses 
multiplied  by  the  acceleration.  This  force  acting  tangentially,  it  occa- 
sions a  certain  friction  which  resists  the  radial  movement  of  said  masses 
by  the  centrifugal  force,  which  friction  must  be  taken  in  consideration 
in  the  equation  of  dynamical  equilibrium  of  the  system. 

If  we  indicate  by  2'  W,  the  sum  of  the  weights  moved  by  the  cen- 
trifugal force  in  any  centrifugal  governor ;  by  (j,  the  variable  distance 
of  their  common  centre  of  gravity  from  the  axis  of  rotation  (the 
weights  2'  W  are  supposed  to  have  the  same  point  of  suspension) ;  by 
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^,  the  angle  made  by  the  axis  of  rotation  with  the  straight  line  joining 
the  centre  of  gravity  of  2"  W  with  the  suspension  ;  by  iNTj  and  N  respec- 
tively the  numbers  of  revolutions  per  minute  required  by  the  governor 
to  act  when  in  its  lower  [)osition  calculated  with  and  without  the  influ- 
ence of  the  tangential  force  of  inertia ;  by  t,  the  time  in  which  the 
governor  passes  from  the  .speed  of  JNTto  X^  revolutions  per  min.,  which 
passiige  we  suppose  takes  place  with  uniformly  accelerated  motion ;  the 
•equation  of  dynamical  equilibrium  will  be,  according  to  the  suppo- 
sition, 

AJL  iV2  Tt'  p  CO.S.  6  =  IW  sin.  ^  +  /  _ZiL  [N-N) 
900  g.      '       ^  -^   180g.  f 

in  which  the  last  terra  represents  the  tangential  force  of  inertia  multi- 
plied by  a  C(K}fficicnt/of  friction,  which  reduced  the  friction  to  a  resist- 
juit  force  applied  at  the  centre  of  gravity  of  the  weights  IW. 

Now  from  this  equation  we  obtain 

_  /  (25         7^  900  g.  tang.  6        ~  5  Nf 

^  '  ~  ^  i  t:  cos.  d   "^    Nl  T  f  71^' COS.'  0   "^  ^  ^"^os.  d 


and  observinsr  that 


will  be 


900  g.  tang.  6 


-r2 


=  A 


"2 


N,  =  X; 
which  shows  how  harmless  the  tangential  force  of  inertia  is  in  centrif- 
ugal governors,  and   how  useless  are  the  devices  propo.sed  by  some 
inventors  for  the  elimination  of  the  friction  arising  from  it. 


Molecular  Vibrations  in  Magnetic  Metals. — De  la  Rive 

showed,  ill  1.S4G,  that  when  a  ra|>idly  iiitcrruj)te(l  electric  current  tra- 
verses a  stretched  iron  wire  it  produces  .sounds  corresponding  to  the 
number  of  interruptions.  M.  xVder  reports  some  late  experiments 
which  lead  him  t<j  the  following  conclusions :  1.  AVith  all  magnetic 
metals  the  passage  of  an  unduhitory  current  ])roduces  internal  mole- 
cular vibrations  which  yield  audible  sounds.  2.  In  order  to  increase 
the  intensity  of  the  vibrations,  some  mechanical  action  should  be 
op[)osed  t<j  the  wires  or  bars,  such  as  the  inertia  of  two  heavy  masses 
at  their  extremities.  The  experiments  are  mo.st  successful  with  a  bat- 
tery which  furnishes  electricity  in  quantity  and  with  a  short  circuit. — 
Compter  Rcndiut. 
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PHOSPHORUS  IN  COAL. 


By  Andrew  S.  McCreath,  Harrisburg,  Pa. 

Read  at  the  Pittsbiirgli  Meeting  of  the  American  Institute  of  Mining  Engineei-a, 

Mav  13th,  1879. 


The  manufacture  of  pig  iron  for  conversion  into  steel  by  the  Bes- 
semer and  open-hearth  proce.sses,  is  now  one  of  the  most  important, 
industries  of  the  United  States.  It  is  necessary  that  iron  intended  for 
tliis  purpose  should  be  very  pure,  and  especially  must  it  be  compara- 
tively free  from  phosphorus.  Great  care  must  therefore  be  exercised 
in  the  selection  of  proper  ores,  flux,  and  fuel.  Only  such  ores  as  are 
j)ractically  free  from  phosphorus  can  be  used,  and  pure  fuel  is  as  much 
a  necessity  as  pure  ores ;  though  hitherto  iron  men  hav^e  paid  compara- 
tively little  attention  to  this  point. 

During  the  course  of  my  work  as  chemist  for  the  Second  Geological 
Survey  of  Pennsylvania,  I  had  occasion  to  examine  some  of  the  bitumi- 
nous coals  of  the  State  for  phosphorus,  and  the  results  obtained  are  so 
interesting  that  I  venture  to  present  them  to  the  notice  of  the  members- 
of  the  Institute. 

The  coals  are  arranged  in  geological  order  according  to  the  diiferent 
beds,  and  the  table  shows  the  percentage  of  phosphorus  in  the  coal 
and  also  in  the  coke. 

The  greatest  number  of  specimens  have  been  selected  from  the 
Pittsburgh  bed,  because  it  is  the  principal  coal-bed  of  South-western 
Pennsylvania,  and  most  of  the  mineral  fuel  which  is  mined  along  the 
Youghiogheny  and  Monongahela  rivers,  to  be  used  in  the  coke  ovens 
of  the  Connellsville  region  and  in  the  blast  furnaces  and  mills  of 
Pittsburgh  and  its  vicinity,  and  to  be  shipped  to  Western  and  Southern 
markets,  comes  from  this  bed. 

It  will  be  noticed  that  many  of  the  specimens  examined  contain 
j)iiosphorns  in  most  objectionable  quantities.  In  the  twenty-four  coals 
tested  from  this  bed,  the  amount  of  phosphorus  varies  from  a  mere 
trace  to  '1248  per  cent.,  equal  to  •20()o  per  cent,  in  the  coke.  Such  a 
coke  could  not,  of  course,  be  used  in  the  manufacture  of  Bessemer  pig 
iron,  and  it  is  believed  that  in  many  cases  unsatisfactory  results  have 
been  obtained  simply  by  the  use  of  an  impure  fuel. 
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Table  shmcnng  the  Percentage  of  Phosphorus  in  Certain  Coals. 


Name  hf  Coai 


Comity. 


1 
2 
3 
4 
5 
«i 
7 
8 

y 
10 

n 

12 
13 
14 
15 
IC 
17 
18 
19 
•JO 
21 
•22 
•23 
-24 
-25 
■26 
27 
28 
•29 

;io 

31 
32 
J» 
:i4 
36 
36 
37 
38 
39 
40 


.  HpiiilfTHonV,  Buffalo  Township I  Washington. 

iLiu'ufV,  niiiikard  Tnwuship Greene. 

[MilU'rV,  Diinkiinl  Township " 

jMagi'fV,  Iiiile|>en(lence Washington. 

'.XcliiirxtV,  Chartiers " 

iBedV,  Kallowfielil " 

iNi'W  jjifrlc  Works,  Carroll  Township " 

WhittV,  FJiKt  I'ike  liiin  Township " 

;SliK-uni's,  Vjuit  I'iki'  Kiin  Township " 

jlViin  (ia«  Coal  Co.'n  You^fhiopheny  Shaft Westmoreland. 

IVnu  <ia«  Coal  Co.'s  IVnn  Shaft " 

IJVnn  Cias  Coal  Co.'s  S«'wickley  Shaft " 

jWi'stniorclanil  Coal  Co.'s  .Siuthsi<le  Mine " 

Wcstniorelanil  Coal  Co.'s  Larimer  Mine |       " 

Wcstmorclanil  Coal  Co.'s  Foster  Mine " 

Millwood  Coal  Co.'s,  Derrj- Township " 

Saltzliuru  Coal  Co.'s,  Loyalhanna  Township " 

'Siixiuan  &  Oi.'s,  Derry  Township |       " 

'tireenshnrp  Coal  Co.'s,  Ileniptii-ld  Township " 

jFrick  &  Co.'s,  Connellsville  Township Fayette. 

jTownst-nd's,  Perry  Township '" 

MeCorniack  lleirt.,  Fntnklin  Township " 

'Swan  Heirs,  North  I'liion  Townshii> " 

Kendal's,  Gernian  Township " 

'Savior  Hill,  Sununit  Towiislii|i Soniei-sef. 

■Wilhcliii  Mine,  Klk  l.ick  Townshi]) .'... 

Coli-nian   Unithers,  Valley  Township " 

iCotter's,  Itmcotin  Towiisliip Heaver. 

iDysart  &  Co.'s,  Washiiif^ton  Township Canihria. 

Dennison,  I'ortcr  A  Co.'s,  .Xllegheny  Township....  Hlair. 

jDiehl's,  (Jreen  Township Benver. 

'R.  .1.  lliiK'li.'s  A-  Co.'s,  Decatur  Township Clearfield. 

'KiM'khill  Inui  and  Coal  Co.'s,  Carl >on  Township...  Huntingdon. 

.losi-ph  Kainsey,  .Ir.'s   White  Township Canihria. 

Dennison,  Porter  &  Co.'s,  .Mleffheny  Township...  Hlair. 

("aniliria  Iron  Co.'s,  .MleKlicny  Township " 

ICaniliria  Iron  Co.'s,  ConeniaUKh  Township C*nihria. 

jDysart  A  Co.'s,  Wa.shiii);t(>ii  Township " 

Brotherline's,  Clenrlield  Township " 

Savage  Colliery,  Todd  Towiuhip Huntingdon. 

I  I 


[Conlbed. 

PhOB. 

per    c 
in  cna 

Washington. 

Sewickley. 

Pittsburgh. 

•1667 
•0t»3 
•0025 
•0254 

•2818 
•0084 

•otm 
•04;js 

" 

•0491 

•0846 

" 

•0943 

•1551 

" 

•0013 

■oteo 

" 

•1248 

•200:) 

" 

•0011 

•OOls 

" 

•0058 

•0095 

" 

trace. 

trace. 

" 

trace. 

trace. 

" 

•00'.t2 

•0150 

" 

tnice. 

trace. 

" 

■04(i-J 

■Of>.v2 

" 

•own 

•1177 

" 

•0:1(17 

■04.V2 

" 

■oir.7 

•0'247 

" 

■(K)70 

•0107 

" 

•0111 

•0161 

" 

■(XYl'i 

•(KKM 

" 

trace. 

trace. 

" 

trace. 

trace. 

" 

•(Kt20 

•(Km 

'• 

•00^8 

■0074 

" 

•0122 

•0156 

BcrUn. 

•0105 

•01:55 

Ikil  E. 

•0058 

•0094 

" 

OXW 

•0688 

" 

■mir, 

■oKCi 

Bed  D. 

trace. 

trace. 

" 

•0080 

•0107 

" 

trace. 

trace. 

Bed  C. 

•0078 

•oiai 

Bed  B. 

•0053 

•0072 

" 

trace. 

trace. 

" 

trace. 

trace. 

" 

trace. 

trace. 

" 

trace. 

trace. 

•0080 

■0098 

Substitution  of  Steel  for  Iron. — The  first  iron  vessel  was  built 
ill  1820,  for  the  trade  between  London  and  France.  Thirty  years 
afterwards  the  tonnati^e  of  the  iron  steamers  was  only  one-fourth  as 
^reat  as  that  of  the  wooden  steamers.  In  1860  nearly  four-fifths  of 
the  English  steamer  tonnage  was  iron ;  in  1868  nearly  ten-elevenths 
of  the  tonnage  was  iron.  Prior  to  1870  only  27,000  tons  of  steel  had 
heen  used  in  ship  building;  since  that  time  the  price  of  steel  has  stead- 
ily apjtro.xi  mated  to  that  of  iron,  and  the  production  of  steel  has 
iiicrea.sed  twentyfold.  The  leading  railroads  are  gradually  re})lacing 
their  iron  rails  by  steel,  which  cost  but  little  more  and  la.st  three  times 
as  long.  A  similar  substitution  is  gradually  taking  place  in  the  ship 
yards. — Fortsch.  dvr  Zrif. 
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NOTE  OX  THE  DETERMINATION  OF  SILICON  IX  PIG 
IROX  AXD  STEEL. 


By  Dr.  Thomas  M.  Drown,  Lafayette  College,  Easton,  Pa. 

( Read  at  the  Baltimore  meeting  of  the  American  Institute  of  Mining  Engineers, 

February,  1879.) 


In  experimenting  in  connection  with  Mr.  P.  W.  Shimer  (now  chem- 
ist of  the  Thomas  Iron  Company,  Hokendauqua,  Pa.),  on  methods  for 
the  determination  of  silicon  in  jiig  iron,  in  order  to  find  one  which 
should  be  accurate  and  yet  give  results  in  a  few  hours,  I  have  adopted 
the  following  procedure,  which,  as  far  as  my  experience  goes,  leaves 
nothing  to  be  desired. 

About  one  gramme  of  pig  iron  or  steel  is  treated  in  a  platinum  or 
l^rcelain  dish  with  25  cubic  centimetres  of  nitric  acid  (sp.  gr.  1,  2). 
When  action  has  ceased,  25  to  30  cubic  centimetres  of  dilute  sulphuric 
acid  (one  of  acid  and  three  of  water)  are  added,  and  heat  applied  until 
the  nitric  acid  is  nearly  or  quite  driven  off.  The  heat  of  a  water-bath 
is  sufficient,  though  the  process  may  be  hastened  by  heating  higher  on 
a  sand-bath.  Water  is  then  cautiously  added  (as  soon  as  the  free  sul- 
phuric acid  is  sufficiently  cool)  and  the  contents  of  the  dish  heated  until 
the  crystals  of  ferric  sulphate  are  completely  dissolved.  The  solution 
is  then  filtered  as  hot  as  possible,  the  residue  washed  first  with  hot 
water,  then  with  25  to  30  cubic  centimetres  of  hydrochloric  acid  (sp. 
gr.  1,  12),  and  finally  with  hot  water.  After  drying  and  igniting,  the 
silica  will  be  found  to  be  snow-white  and  granular. 

The  following  are  some  results  obtained  by  this  method  compared 
(in  some  instances)  with  the  older  method  of  treatment  with  nitric 
acid,  evaporation  to  dryness,  heating  to  150°C.  for  several  hours,  dis- 
solving out  the  iron  in  hydrochloric  acid,  and  filtering  off  from  the 
insoluble  residue,  which  is  dried  and  ignited,  and  the  resulting  im|)ui-e 
silica  fused  with  alkaline  carbonates. 

The  letters  denote  different  samples  of  pig  iron. 
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Per  Cent,  of  Silicon. 




A 

2-64 

'  B 

C 

D 

E 

1-65 

F      G 

Bessemer 
steel. 

Old  method, 

2-46 

1-45 

1 

•672 

New  method,  1 

2-70 

2-47 

1-13 

1-63 

l-53t 

1-66  2-50 

•G7G 

2 

2-68 

2-47 

1-18 

1-62 

l-51t 

1-68  2-50 

•672 

3 

2-81* 

2-47 

1-65 

l-51t 

1-72  2-50 

•672 

4 

1-63| 

1-70  !2-47 

5 

I'QbX 

i2-46 

6 

l-65t 

1 

Some  incidental  results  obtained  in  develoi)ing  this  process  have 
enough  interest  to  be  worthy  of  record.  Treatment  of  pig  iron  with 
concentrated  snli^huric  acid,  heating  till  fumes  arise,  diluting  with 
water,  and  filtering  after  all  action  has  ceased,  gives  a  silica  which  is 
seldom  pure,  and  yet  the  results  are  considerably  too  low. 

Treatment  with  dilute  sulj)hunc  acid  and  evaporation  till  the  acid 
fumes  in  the  air,  then  filtering  after  dilution,  gives  occasionally  results 
which  are  accurate ;  but  this  method  is  uncertain,  depending  on  the 
fineness  of  the  borings  and  character  and  conij)osition  of  the  pig  iron. 
The  silica  obtained  is  seldonj  white.  The  following  are  some  results 
obtained  in  this  wav  : 


1 

'er  Cent. 

OF  Silicon. 

A 

B 

C 

D 

Old 

method 

ro2 

1-64 

2^64 

3-85 

New 

method, 

1       .     . 

1-05 

r73 

3-00 

3^88 

u 

« 

2      .     . 

!'()-) 

r69 

2-98 

3^91 

(< 

It 

3      .     . 

1-05 

1-70 

2^97 

« 

(( 

4      .     . 

3-01 

*  Not  wafiluHl  with  liydrochloric  acitl. 

tin  these  iuiulyses  hydrochloric  acid  wiis  used  after  the  addition  of  nitric  acid,  and 
wivs  not  completely  driven  ofl'. 

J  Hydrochloric  acid  was  used  for  solution  instead  of  nitric  acid. 
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Treatment  in  platinum  dishes  gave  very  slightly  lower  results  than 
porcelain  dishes. 

If  after  treatment  with  dilute  sulphuric  acid  the  solution  is  filtered 
otf  from  the  residue  without  concentration  of  the  acid,  it  is  found  that 
about  one-half  of  the  silicon  is  in  the  solution  and  the  other  half  in 
the  residue ;  when  nitric  acid  is  used  and  the  solution  filtered  off  as 
soon  as  all  action  has  ceased,  it  is  found  that  about  two-thirds  of  the 
silicon  is  in  the  solution  and  one-third  in  the  residue ;  and  with  hydro- 
chloric acid,  about  one-third  goes  into  solution  and  two-thirds  remains 
in  the  residue.  It  is  not  probable  that  there  is  any  precise  ratio  exist- 
ing between  the  amount  of  silicon  dissolved  and  the  amount  in  the 
residue  in  the  case  of  any  one  of  the  acids,  the  ratio  being  doubtless 
variable  and  depending  on  the  concentration  of  the  acid,  the  time  of 
action,  and  the  temperature ;  yet  the  marked  difference  in  the  action  of 
the  three  acids  in  this  respect  is  interesting. 

The  washing  with  hydrochloric  acid  of  the  residue  obtained  by  the 
action  of  nitric  and  sulphuric  acids  on  pig  iron  is  in  most  cases  neces- 
sary. ThiLS  there  was  obtained  from  a  pig  iron  when  water  only  was 
used  for  washing,  2*67  per  cent,  of  silicon  against  2*52  when  w-ashed 
with  hydrochloric  acid;  and  in  another  sample,  2.10  per  cent,  against 
1'70  per  cent. 

Although  the  results  obtained  with  hydrochloric  acid  for  the  orig- 
inal solution  of  the  iron  show,  as  far  as  the  experiments  go,  as  good 
results  as  those  obtained  with  nitric  acid,  yet  I  prefer  the  nitric  acid 
treatment  on  account  of  the  silica  obtained,  being  compact  and  granu- 
lar, while  the  use  of  hydrochloric  acid,  and  also  of  sulphuric  acid 
alone,  yields  a  silica  which  is  light  and  flaky. 


Lactic  Fermentation. — Kichet  has  studied  the  effects  of  oxygen, 
of  boiling,  and  of  digestives,  upon  lactic  fermentation.  He  finds  that  the 
fermentation  in  an  elongated  tube  is  only  from  65  to  70  per  cent,  as 
great  as  in  an  ordinary  flask.  Below  44°  (11 1*2°  Fahr.)  the  activity 
of  fermentation  increases  with  the  temperature.  From  44°  to  52° 
(125*6°  Fahr.)  there  is  no  change ;  above  52°  the  activity  diminishes  in 
proportion  as  the  temperature  increases.  He  attributes  the  resistance 
of  boiled  milk  to  fermentation  to  the  coagulation  of  an  albuminoid 
substance  which  contributes  to  the  devolopment  of  the  ferment. — 
Comptes  Rendus.  C. 

Whole  No.  Vol.  CVII.— (Third  Series,  Vol.  Ixxvii.)  28 


394  The  Hitchcock  Lamp.  [jour.  Frank.  Inst, 


REPORT  OF  THE  COMMITTEE  ON  SCIENCE  AND  THE 
ARTS  ON  THE  HITCHCOC  K  LAMP. 


Hai.i.   of   thk   Franklin    Institute,  ) 
Philadelphia,  April  2,  1879.      j 

The  Suh-coinniittce  of  the  Committee  on  Science  and  the  Art.-^,  con- 
stituted l)v  tlie  Franklin  Institute  of  the  State  of  Pennsylvania,  to 
wliom  was  referred  for  examination  the  Hitoiieock  Lamp,  report  that 
the  apparatus  is  a  mechanical  (or  I ) hist)  lamp  of  improvetl  construction, 
which,  in  the  form  submittal  for  examination,  is  especially  adaptetl  for 
consuminjr  fat  or  greiisy  oils,  animal  or  vegetable,  and  without  the  aid 
of  a  chimney,  the  oil  l)eing  supplied  to  the  wick  by  the  same  mechan- 
ism that  supplies  the  bhtst.  Ix-aving  out  of  considei-ation  for  the 
j»resent  the  general  features  of  mechanical  excellence  of  construction 
which  characterize  the  lamp,  and  which,  by  giving  it  superior  strength 
and  accuracy  of  working,  adtl  to  its  utility  and  (lural)ility,  your  com- 
mittee find  that  the  special  novelty  in  its  construction  lies  in  the 
functions  wiiich  the  mechanism  is  called  upon  to  ])eriorm — that  is  to 
sav,  to  furnish  a  forced  blast  or  draft  to  the  tlanic  and  at  the  same  time 
to  deliver  the  oil  to  the  wick,  both  of  which  operations  are  performed 
simultaneously  and  continuously  so  long  as  the  mechanism  is  working. 
This  feature  will  api>ear  more  distinctly  by  instituting  a  comparison 
between  the  Hitchcock  lamp  and  other  mechanical  lamps  with  which 
your  committee  is  familiar. 

The  Carcel  lamp  is  designed  to  burn  fat  oils.  The  air  supply  to  the 
Hame  is  obtained  by  the  use  of  a  chimney  of  about  11  inches  in  height, 
while  the  oil  is  sup])lied  to  the  Hame  by  a  mechanical  movement. 

The  Jones  tt  Hitchcock  lamp — the  immediate  predecessor  of  the 
lamp  l)efbre  the  committee — is  designed  to  burn  kerosene  without  a 
chimnev,  the  necessary  :iir  suj)ply  being  obtained  by  mechanical  means. 

In  the  ( "areel  laiuj),  with  a  chinniey,  the  movement  supjtlies  the  oil 
to  the  Hame.  In  the  Jones  cS:  Hitchc(M'k  lamp,  without  a  chimney, 
the  movement  furnishes  the  air  sui)j)ly  to  the  Hame.  In  the  Hitchc(tck 
lamp  Ixjfore  the  committee  the  movement  combines  both  these  func- 
tions, sup|)lying  the  bhist  and  feeding  the  oil  simultaneously. 

As  compared  with  either  the  Carcel  or  the  Jone.s  tt  Hitchcock  lamp, 
the  movement   is  more  compact  and  considerably  more  effective,  pos- 
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sessing  the  capacity  of  furnishing  a  continuous  light  for  12  hours, 
Avhile  that  of  the  Carcel  and  Jones  &  Hitchcock  are  limited  respect- 
ively to  6  and  7  hours. 

Referring  to  the  mechanical  details  and  workmanship  displayed  in 
the  Hitchcock  lamp,  your  committee  find  it  in  these  particulars  worthy 
of  unqualified  praise,  and,  of  the  two  samples  before  the  committee, 
one  has  been  kept  in  almost  continuous  experimental  service  for  over  a 
year  and  the  other  about  half  that  time,  and  with  very  satisfactory 
results. 

The  lamp  can  readily  be  taken  apart  for  cleaning  and  repairs,  the 
principle  elements — i.  e.  the  movement,  the  pump  and  the  wick  tube — 
being  readily  removable  from  the  shell  or  body,  and  as  easily  returned. 

The  elliptical  form  of  the  wick  tube,  in  the  opinion  of  your  com- 
mittee, has  several  advantages  over  both  the  flat  and  the  cylindrica 
wick,  as  the  flat  form  gives  no  interior  current  of  air,  and  would  be 
quite  inapplicable  to  this  form  of  lamp  by  making  the  combustion 
imperfect ;  and  the  circular  wick,  though  avoiding  this  objection,  does 
not  utilize  the  interior  air  current  as  effectively  as  the  elliptical  or 
compressed  form,  which  gives  practically  the  same  results  as  regards 
luminosity  as  two  flat  flames. 

The  committee  have  been  aided  in  getting  at  the  illuminating  value 
of  the  lamp  by  the  courtesy  of  Dr.  Cresson,  Avhose  comparative  photo- 
metric measurements  and  results  are  given  herewith  on  his  authority  ; 

Results  of  Experimental  Trials  with  the  "  Hitchcock  Blast  Lamp  "from 
the  Hitchcock  Lamp  Company.    {No  Chimney.) 

Philadelphia,  July  18,  1876,  \ 
417  Walnut  Street.      / 
Car  Lamp  with  Lard  Oil  : 

Specific  gravity  of  oil,               .              .  .      0"911 

Or  1  U.  S.  gallon  weighed              .              .  7*59  pounds. 

Continuous  trial  of  12  hours'  duration. 

Hourly  observations  upon  consumption  of  oil. 

Half-hourly  observations  upon  candle  power. 

Average  consumption  of  oil  per  hour,          .  .  922*4  grains. 

Average  light  p]-oduced,             .             .             .  16*9  candles. 

Average  consumption  of  oil  per  candle  light,  .     54*5  grains. 

Or  1  gallon  of  oil  will  give  16*9  candle  light  for  57  hours. 

When  solid  lard  was  used : 

Hourly  consumption  of  lard,         .  .         882'    grains. 

Light  produced,  ....    14-85  candles. 
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Average  consumption  of  lard  per  candle  light,      59'4  grains. 
One  pound  of  lard  gives  light  of  .  .  11 7*8  candles. 

Trials  with  Thackara  <t  Buck's  best  Lard-oil  Burner,  with  glass  chimne}'' 
8  inches  high,  gave  : 

Average  consumption  of  oil  per  hour,   .  .805*    grains. 

Average  light,        ....  13"4  candles. 

Grains  of  oil  per  caudle  light,  .  .    60*5 

The  best  and  most  economical  results  were  obtained  from  the  Hitch- 
cock lamp  when  it  was  giving  a  light  equal  to  that  from  17  candles. 
When  it  was  burned  at  the  rate  of  15  candles  the  consumption  of  oil 
per  candle  light  rose  to  57  grains,  and  when  at  21  candle  lights  to  7(> 
grains  })er  randle  light. 

The  ordinary  solar  lamp  could  not  be  made  to  yield  over  Hi  candles, 
and  burnal  best  at  13*5  candles,  and  at  all  times  was  very  sensitive  to 
cross-drafts  and  motic^n  of  the  lamp. 

The  Hitchcock  lamp  gave  decidedly  the  most  satisfactory  results,, 
with  the  great  advantage  of  the  absence  of  a  glass  chimney,  behaving 
well  when  placed  in  a  strong  draft  of  air,  or  when  carried  from  j^lace 
to  place. 

Car  candles  used  for  comparison  burned  at  209  grains  per  hour,  and 
gave  a  light  of  2*2  standard  spermaceti  candles,  consuming  120  grains 
of  sperm  per  hour.  The  above  results  are  given  in  standard  candle- 
light^. 

To  this  favorable  ophiion  of  Dr.  Cres.son,  which  yoin-  committee- 
fully  endorse,  it  should  l)e  added  that  the  body  of  the  lamp  never 
becomes  too  hot  for  comfortai)lc  handling,  even  after  burning  for  12 
iiours,  the  maximum  tem])erature  being  attained  in  about  5  or  <3  hours. 
The  lamp  is  portiible,  and,  your  committee  is  advised,  is  nuide  in  a 
variety  of  styles  and  shai)es  to  suit  si)ecial  service-^.  The  style  befcjre- 
the  conuiiittee  is  that  employed  in  railway  cars.  The  flame  is  very 
tenacious  and  the  light  very  steady,  requiring  but  little  attention  when 
the  wick  is  proj)erly  trinnned  and  adjusted. 

Y(»ur  committee  arc  of  the  opinion  that  the  lamj)  <'ombinc,s  the  fea- 
tures of  excellence,  of  mechanical  construction  and  utility.  Detailed 
drawings  of  lamp  accompany  this  report — all  of  which  is  respectfully 
submitted. 

William   H.  Wahl,  ChdiniKin. 
l.  l.  cukn'kv, 
Albekt  G.  Buzhy. 
Amended  and  adopted,  May  7,  1879. 
II.  Cautwkkmit, 

Chah'Ttuin  pro  tern. 
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ABSTRACT  OF  A  REPORT  OF  EXPERIMENTS  OX  THE 

EFFICTEXCY  OF  COKE  GAS-GEXERATORS 

WITH  VARYING  DRAFT. 


Condnctetl   unrler  the  auspices  of  tlie  Yerein  von  Gas-  und  Wasserfachmannern  of 

Germany,  by  a  committee  consisting  of  E.  Gralin,  Simon  Schiele,  Dr. 

Schilling,  and  published  in  the  Journal  of  the  Society. 

Translated  by  Philip  Pistor. 


The  experiments  were  conducted  on  the  plan  proposed  by  Dr.  Bunte 
and  adopted  by  the  Society. 

Carbonic  oxide  is  most  advantageously  generated  when  it  occurs 
•continuously  in  unvarying  quantities  with  the  smallest  possible  per- 
centage of  carbonic  acid  and  in  such  a  manner  that  the  operation  is 
not  disturbed  by  the  removal  of  the  slag  or  scoriae  deposited. 

Experiments  were  conducted  with  a  view  to  determine : 

1.  The  quantity  of  gas  generated  in  a  given  time. 

2.  The  mean  composition  of  the  gas. 

3.  The  formation  and  removal  of  the  slao;. 


■,       ,-v;.    ar(i    1.-.-,  T   ,•.,,#,.,.  ,  •      . 

The  experimental  generator  had  at  first  no  grate  (one  was  introduced 
later  during  the  experiments),  but  two  slits  or  openings  at  the  bottom, 
opposite  each  other,  for  the  admission  of  air.  It  had  1  sq.  metre  cross 
section.  From  the  upper  edge  of  slit  to  lower  edge  of  flue  1"5  m. 
The  flue  was  of  0*25  sq.  m.  sectional  area.  Peep-holes  were  intro- 
duced in  the  sides  every  0'25  m.  of  the  height.  The  generator  was 
charged  from  a  hole  in  the  top,  which  was  closed  with  a  flat  luted 
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(•over.  The  draft  \vii.«<  regulated  hv  a  damper  in  the  flue.  An  a  chim- 
ney of  36  m.  lieiglit  wa.s  avaihible  for  the  experiments,  and  it  was 
desirable  to  obtain  the  full  natural  draft,  the  gases  were  conducted 
through  a  combustion  chamber,  t<»  avoid  danger  of  explosion  in  the 
chimney,  to  the  same. 

The  draft  pressure  was  determined  l)v  two  manometers,  one  an  ordi- 
nary water  manometer  for  rough  a|)pr(»xiiuate  measurements,  the  other 
a  very  sensitive  one  for  precise  meiLsuremcnts.  Besides,  an  automatic 
self-registering  Crosley  manometer  was  used.  They  were  connected 
bv  tubes  with  the  flue.  Ex|)criments  showed  that  it  made  no  ditference 
which  way  the  openings  of  these  tubes  were  directed  with  reference  to 
the  direction  of  the  draft. 

An  aspirator  exhausted  small  (luantitics  of  the  gas  at  different  times 
diu-ing  each  experiment,  for  aualy/.ing  purposes,  and  specimens  were 
also  taken  from  the  peep-holes. 

The  following  observations  were  recorded  during  each  experiment : 

1.  Mean  draft  in  flue. 

2.  Duration  of  experiment. 

3.  Weight  of  material  charged. 

4.  Weight  of  ashes,  clinkers,  scoria?. 

5.  Chemical  composition  of  the  gas. 
(j.  Temperature  in  the  flue. 

Subtracting  the  weight  ol"  water  and  refuse  from  the  mass  charged, 
will  give  the  weight  of  gasified  ])articles*,  whicii  for  coke  may  be 
taken  without  any  great  error  as  consisting  of  carbon.  With  this 
assumption,  the  volume  of  gas  generated  at  0°  and  "(JO  mm.  ])ressure 
may  be  calculated  as  follows  : 

1  cub.  m.  carbonic  acid  and  1  cub.  m.  carbonic  oxidi' contain  exactly 
the  same  weight  of  carbon,  vi/.,  (>"53G3  kilogrammes.  The  volume 
of  the  gases  containing  earlxtn  in  one  cub.  m.  of  gas  generated  will  be 
giv<'n  by  the  chemieal  analysis.  Multiply  this  number  by  ()"o3G3  and 
we  have  the  Avcight  of  carlxju  in  1  cnl).  ni.  (»f  gas  generated.  Finally, 
this  weight  into  the  tot<d  weight  of  eai'bon  consumed  will  give  the 
total  V(jliune  of  gas  generated. 


*  Tlie  correction  for  weiglit  of  water  was  not  taken   into  account,  as  it  was  I'ountl  to 
viirv  ;u*  much  for  one  and  the  sjiine  as  for  ili/lerent  kinds  of  coke. 
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Besults  of  experiments  with  coke  from,  Saar  coal  {Heinitz  mines). 
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The  draft  gradually  increased  from  '45  mm,  to  14  mm.  ])ressure. 

Experiments  1,  2,  3,  4  were  conducted  with  a  low  draft,  the  upper 
layer  of  coke  only  attainino;  a  cherry-red  heat.  Analysis  showed  an 
absence  of  oxygen.  Xo  difficulty  was  found  in  removing  the  slag — 
it  flowed  down  through  the  opening  and  chilled. 

Taking  the  first  four  experiments,  we  get  an  average  of  0*164  kilog. 
carlion  to  the  cub.  metre. 

Experiments  5,  6,  7  give  0*16  kilog.  per  cub.  metre.  During  these 
experiments  the  damper  was  wider  open,  the  draft  considerably  stronger 
ane  the  generator  itself  quite  warm. 

Experiment  8  gives  0*1 53  kilog.  carbon  per  cub.  metre.  During 
this  experiment  a  pan  of  water  was  j)hu!ed  before  the  slit,  (considerably 
reducing  the  heat  radiated,  and  more  thoroughly  chilling  the  slag. 

Experiment  9  gives  ()*l(i25  kilog.  carbon  per  cub.  metre;  no  water 
used,  but  full  available  draft.  The  generator  was  intensely  hot,  the 
coke  itself  at  a  white  heat. 

The  temperatures  a  and  b  in  flue  arc  taken  at  about  2  metres  from 
each  other. 
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Results  of  a  series  of  experiments  vifJi  coke  from  Bohonian  coal  from 
the  Lititz  coliieri/,  near  Piisen. 


0,     . 

■J 

c 

Ulia 

X 

X    fc^ 

z 

-  M 

6 

c 

2: 

V 

A. 
C     . 

■?.£ 

tail 
age 

CO., 

cncra 
khI  a  ] 
of 

CO 

ed  oon- 
leroent- 

Total. 

Q.-5  0    o 

£^ 
£  s 

Tenijici 

ineasure( 

pyroii 

In  H 
a. 

•a  tare 
I   by   a 
icter. 

le. 
b. 

^1 

J  1 

A 

904 

163 

18-9 

741 

1-4 

29-4 

30-8  , 

;    ;-148^ 

•W 

430  to 
486 

poo  to 
625 

--0-86 

J 

1338 

351 

26-2 

987 

3-6 

250 

28-6 

6436 

•153 

—4-6 

Z 

1400 

353 

2.5-3 

1047 

2-3 

244 

26-7 

7322 

•143 

950° 

—21 

I) 

14(iL' 

362 

24-8 

1100 

1-8 

28-2 

30- 

().S37 

•161 

7.5(t 

— 0,55 

II 

1516 

391 

2.5-7 

112.5 

7-4 

20-7 

28-1 

7465 

•151 

850 

950 

—5-2 

N 

1610 

274 

17- 

1336 

730 

—31 

F 

l()i)0 

312 

18-5 

1378 

7-2 

20-3 

27-5 

9210 

•150 

770 

— 6^o 

a 

181.5 

400 

22' 

1415 

8-3 

16-7 

2.5- 

10.564 

•134 

—7-4 

B 

1770 

280 

15-8 

1490 

3-6 

2,3-2 

26-8 

103(i.5 

•144 

—4-5 

K 

1920 

3S4 

20- 

1.536 

5-6 

23-4 

29- 

9876 

•156 

—82 

M 
V 

2107 
2100 

421 

367 

20- 
17- 

1686 
1793 

5-2 

23-6 

.^8. 

,10910 

•154 

880 

-7-2 
—6-2 

<) 

2190 

372 

17- 

1818 

i-  io 

n. 

—6-7 

C 

2714 

271 

16-9 

2443 

6-3 

21-1 

27  4^ 

r^M 

..m 

..,800 

950  to 
975 

—5-24 

E 

3707 

487 

1314 

3220 

12-5 

a50 

-11-8 

The  draft  mils  gradually  increased,  being  regiilatetl  by  the  dain|>er, 
from  E.x-poriinonts  A  t(»  E,  that  is,  from  O'SG  mm.  to  11-8  mm.  pre.ssure. 
As  can  be  readily  seen,  the  con.suniption  of  coal  grows  with  it. 

Experiments  G,  H,  J,  K  were  conducted  with  the  original  gcii- 
orator.  .  .61  ,.ii.)i  ... 

Experiments  A,  B  w(^rc" conducted  with  a  mixture  of  the  two  kinds 
of  coke.  ""•^"■"  '^    '^^'    • 

It  was  then  found  necessary  to  take  out  the  Hre-brick  lining  at 
the  bottom  of  the  genenitor  o|)ening,  and  for  bricks  ta)>ering  inward 
to  substitute  such  tapering  outward,  on  account  of  the  formation  of 
slag,  whiih  cliokcd  the  opening. 

Exjieriment  F  was  conducted  with  the  modified  generat(»r  and 
mixed  coke,  half  of  eacli. 

Experiments   L,  M  with  -U  of  the  hitter  kind,  'l  of  the  form<'r. 

Experiments  C,  I),  E  with    mixed  coke  and  introduction  of  .steam. 

ExjK'riments  N,  O,  P  with  a  grate  introduced  in  the  generator  and 
steam  ;   Ikihemian  coke. 
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The  slightest  leak  in  the  generator  or  flue  showed  an  immediate 
increase  of  carbonic  acid.  In  the  duct  or  flue,  as  the  tables  show,  the 
temperature  fell  from  100  to  150°  from  a  to  6,  a  distance  of  about  2 
metres.  This  indicates  a  ven'  rapid  cooling  of  the  gases,  and  shows 
the  advisability  of  the  shortest  practicable  duct  to  the  combustion 
<?liamber. 

A  very  remarkable  result  is  that  when  the  steam  or  vapor  of  water 
was  used,  notwithstanding  the  chilling  of  the  air  supplied  for  carbon- 
ization, the  temperature  of  the  gases  was  hardly  any  lower  than  when 
steam  was  not  used.  It  would  seem  that  the  heat,  partly  radiated 
from  generator  and  flue  and  partly  utilized  in  melting  the  slag,  was 
sufficient  to  decompose  the  water  and  produce  a  gas  richer  in 
hydrogen. 

The  high  temperature  of  the  carbonized  gases  causes  an  increased 
deposit  of  tar  in  the  standpipes  and  hydraulic  mains  of  gas  works, 
and  consequently  when  first  introduced  must  be  closely  watched. 

Pyrometric  measurements  of  the  air  which  was  heated  by  being  led 
around  the  side  of  the  oven  before  being  introduced  into  the  combus- 
tion chamber  show  a  temperature  of  475°C.  in  this  duct.  As  regards 
the  formation  of  slag,  the  mixture  of  the  two  kinds  of  coke  gave  by 
far  the  best  results. 

As  yet  these  generators  have  only  been  introduced  in  one  large  gas 
works  in  this  country  (United  States),  viz.,  the  People's  Gas  Works,  of 
Baltimore,  Md.,  by  their  Chief  Engineer,  Mr.  Dietrich.  A  short 
•description  of  them  was  given  at  the  meeting  of  the  Society  of  Gas 
Lighting,  Dec.  12th,  1878,  and  will  be  found  in  the  American  Journal 
of  Gas  Lighting  of  Jan.  16th,  1879. 

The  above  experiments  show  widely  varying  results,  de})ending 
l^rincipally  on  the  quality  of  coke  used,  and  consequently  should  be 
repeated  with  our  o^^•n  coals. 

As  a  very  considerable  saving  in  fuel  is  claimed  for  this  method  of 
firing,  as  it  considerably  reduces  the  expense  and  increases  the  unifor- 
mity of  firing,  it  would  seem  to  be  to  the  interest  of  some  of  the  larger 
establishments  to  conduct  a  similar  series  of  experiments,  which  would 
ijive  reliable  data  for  coke  from  American  coals. 
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THEORY  (^F  THE  TELEPHONE. 


The  telephone,  which  was  so  easily  explained  in  the  Ijeginning,  is 
eiiveiopoil  in  ditticulties,  and  re<iuires  to  l)e  studietl  attentively.  The 
iron  phite  vibrating  under  the  inttnenee  of  the  voice  in  the  tnmsinitter, 
and  subject  to  the  action  of  the  magnet  in  the  receiver,  was  regarded 
as  indispensable.  We  know  now  that  it  is  ])ossible  to  replace  it  in  the 
receiver  by  non-magnetic  substance**,  by  a  plate  of  copper,  of  glass,  of 
w<M>d,  and  even  of  card-board.  It  was  believe<l  then  that  the  magnet 
exercises  a  particular  action  upon  the  bo<lie.s. 

We  have  been  mistaken,  not  in  the  fact,  but  in  its  cause,  and  if  the 
glass,  the  wood,  and  other  substance-;  not  magnetic  transmit  the  sound, 
it  is  l^c;iuse  the  wooil  wliicii  surrounds  and  contains  the  magnet 
receives  the  molecular  vibrations  which  are  there  produced,  and  cnm- 
municiites  them  to  the  substances  which  are  applied  to  them. 

To  prove  this  fact,  I  availed  myself  of  a  microphone  as  a  transmitter^ 
and  of  a  metronome,  of  which  the  strokes  were  regular  and  ifniform 
and  liable  to  little  deviation,  while  you  coidd  study  the  conditions 
which  gave  more  or  less  intensity  in  the  receiving  telephone. 

It  was  possible  to  sepai-ate  the  mouth-piece  of  the  telephone  and  the 
«lia))hragm  (»f  inm,  and  re|)lace  it  l)y  a  ghiss  plate.  If  you  then  aj>j)lied 
the  ear,  after  having  well  appreciated  tbe  intensity  of  the  strokes  which 
were  heard,  and  raised  it  little  l»y  little  t(»  one  side  oulv,  keeping  the 
other  side  of  the  tclepl)<»ne  su]>porte(l,  so  that  the  distance  could  be 
measured,  tlie  intensity  ifnderneatli  diminished  hardly  any,  and  when 
it  was  |>l:icetl  at  a  right  angle  to  the  side  of  the  instrument,  the  strokes 
liM<l  nearly  the  same  Ibrce;  but  when  you  separated  the  woml  a  little, 
the  soinul  stopped,  and  it  was  necessary  to  conclude  that  the  ca-se  of  the 
telephone  even  transmitted  vil)ratious,  for  as  soon  as  the  etlge  of  the 
glass  cjime  to  l)e  touched  the  strokes  of  the  metronome  were  heaixi. 

V<»u  hear  e(|ually  well  by  applying  the  ear  to  the  extremity  of  a 
thin  glass  plate  of  twenty-live  centimetres,  the  other  end  of  which 
roted  on  the  side  of  the  telephone.  The  same  experiments  have  been 
made  with  platts  of  co])j)er,  of  wood,  and  of  card-board,  the  difler- 
ences  in  the  intensity  of  the  sounds  noticed  being  only  due  to  the 
greater  or  less  facility  with  which  bodies  of  different  natures  receive 
and  transmit  vibrations.     AVitli  a  |»late  of  iron,  the  strokes  transmitted 
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are  much  stronger,  and  have  a  particular  sound  which  diminishes 
rapidly  in  proportion  as  you  raise  the  plate;  and  it  is  easy  to  under- 
stand that  it  is  the  influence  of  the  magnet  which  is  thus  enfeebled, 
while  the  effect  of  the  molecular  vibrations  of  the  case  keeps  up  and 
causes  it  to  be  heard,  as  in  the  case  of  plates  which  were  not  magnetic. 

It  must  be  inferred,  then,  that  in  a  telephone  receiver  the  iron  dia- 
phragm is  subjected  to  a  double  influence :  that  of  the  magnet  and  the 
case  in  which  in  which  it  is  flxed,  and  as  a  practical  consequence  it  is 
shown  that  in  the  construction  of  a  telephone  the  choice  of  the  case 
and  the  manner  in  which  the  magnet  is  fixed  are  not  indifferent  matters. 

These  facts  confirm  the  opinion  of  Du  Moncel,  who  attributes  the 
effects  of  the  telephone  to  molecular  vibrations  of  the  magnet,  and  the 
iron  diaphragm  only  strengthens  the  vibrations  and  renders  them  more 
sensible  to  the  ear  in  vibrating  itself.  The  same  causes  act  also  in  the 
transmitting  telephone,  but  in  an  inverse  sense;  that  is  to  say,  the 
molecular  vibrations  excited  in  the  «ise  are  transmitted  to  the  magnet, 
and  produce  in  the  magnetism  of  the  bar  modifications  which  are  trans- 
ferred by  induction  currents  to  the  coil.  We  may  say,  also,  that  the 
vibrations  of  the  case  are  transmitted  directly  to  the  coil  in  the  pres- 
ence of  a  magnet  producing  the  induction  currents.  This  manner  of 
regarding  it  will  conform  more  to  what  is  known  of  the  origin  of  indi- 
rect currents. 

Whatever  conclusions  may  be  drawn  from  the  facts,  the  following 
can  be  used  in  the  argument :  By  raising  the  mouth-piece,  and  the  iron 
diaphragm  of  the  telephone,  and  holding  it  firmly  in  the  one  hand, 
and  with  the  other  drawing  a  violin  bow  lightly  upon  the  edge,  you 
obtain  a  sharp  sound  that  can  be  heard  cleiU'ly  in  the  receiving  tele- 
{)hone.  A  small  ruler  placed  crosswise  before  the  iastrument,  and 
passing  beyond  it  some  centimeters,  produces  a  sound  when  struck  at 
the  end  with  the  bow,  so  that  when  it  is  shortened  the  sounds  arc  elc- 
vatetl  and  gave  those  of  an  ascending  ganuit,  which  immediately 
came  to  the  ear  at  the  receiver.  AV'hat  is  surprising  in  this  experiment 
is  that  the  grave  notes,  which  shake  the  instrument  and  the  hand,  are 
not  heard  in  the  re<'eiver,  while  the  sharp  notes  are  reproduced  there 
easily,  and  the  reason  perhaps  is  because  the  vibrations  from  the  sharp 
sounds  apjiroach  to  the  character  of  molecular  vibrations.  It  is  per- 
haps needless  to  say  that  with  an  iron  dia])liragm  these  facts  assume  an 
entirely  ditterent  character.  It  has  already  been  demonstrated  that  the 
strokes  made  on   the  magnet,  the  coil  or  the  case  were  heard  in  the 
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receiver.  The  molecular  shock  which  sufficed  for  the  telephone  receiver 
is  too  feeble  to  cause  the  transmitter  to  speak.  Besides  it  may  be  said 
that  the  iron  diao:;hra_s:m,  vibratinjx  by  speech,  exorcises  a  double  influ- 
ence, and  that  to  the  magnetic  eflects  in  the  bar  may  be  added  the 
vibrations  which  it  directly  transmits  to  the  case. 

The  effects  from  the  telei)hone  are  too  usually  attributed  to  the  sen- 
sible vibrations  of  the  iron  plate  moving  backward  and  forward  from 
the  magnet,  representing  the  well  known  and  habitually  accepted 
action  ;  but  the  molecular  vibrations  which  are  performed,  so  to  speak, 
atom  by  atom  in  the  immovable  plate,  })lay  a  more  important  part,  and 
without  them  articulated  speech  would  be  im})ossible. 

The  telephone  and,  above  all,  the  microphone  prove  to  us  by  sur- 
]>rising  phenomena  just  how  far  the  division  and  reciprocity  of  forces 
may  go.  But  what  is  still  more  admirable  than  these  new  and  mar- 
velous instruments  is  the  old  and  incomparable  delicacy  of  the  ear, 
which  perceives  and  a]>preciatcs,  without  allowing  to  escajie  from  it  a 
single  one  of  the  thousands  of  movements  which  loose  themselves  in 
some  manner  in  the  infinitelv  little. — Le.s  Mondea. 


■J  i 


CARBURETTING  AIR. 


-"IP 


The  cost  required  to  produce  the  electric  light  is  not  easily  obtained, 
but  enough  is  known  at  ]>resent  to  condemn  it  as  too  expensive  for 
commercial  use  ;  but  the  cost  of  carburetted  air  or  gas  is  indisputably 
confirmed  by  practical  experiment. 

Practical  Test. — Barometer  29-8,  temperature  50°  ;  the  weight  of 
gasoline,  655  grains  to  water,  1000  grains ;  therefore,  one  gallon  of 
gjisoline  =  45,850  grains.  The  air  was  simply  aspirated  at  the  yoXm 
of  6  cubic  feet  per  hour  through  an  ordinary  chemist's  wash  bottle, 
and  each  cubic  foot  took  up  735  grains  illuminating  gas  of  IT'lO 
candles,  taking  585  grains. 

(inline. 

1000  cubic  feeet  of  air  =  735,000  _  j,..^^  ^^^,„,^,,^  ^,^.  ^^^^^^,,i,,^.  j,^.,. 
1  gallon  of  gasoline  =     48,850  j^)^,^,  ^.^,,^j^.  f^,^,^  „f.  .^-j. 

1000  cub.  ft.,  1 7-10  ga.,=  585,000  _  j^.-  ^^^^^^^^^  ^^^  ^^^^-^^^  ^^^^ 
1  gallon  <.f  ga.soln.e  =     45,850  ^^^^  ^^^^^j^  ^^^^  ^f  ^^^ 

1000  cubic  feet  of  air,  after  being  carburetted,  =  1320  cubic  feet, 
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and  1000  cubic  feet  of  17*  10  ga.s,  after  being  carburrettecl,  =  1270 
cubic  feet. 

Specific- Gixwity  Ted. — The  time  rec^uired  to  pass  equal  volumes  of 
air,  gas,  carburetted  gas  and  carburretted  air  under  equal  pressure 
through  the  same  aperture  (Shilling's  test),  was :  air,  88  sees. ;  gas, 
58  sees. ;  carburetted  gas,  90  sees,    corburetted  air,  104  sees. 

Gas,  — -  =  -434  to  air  1.000. 

882 

90- 
Carburetted  gas, =  1.045  to  air  l.noO. 

1042 
Carburetted  air,  =  1.396  to  air  1.000. 

88" 

Photometric  Test. — Test  on  Hartley's  improved  photometer,  15-hoIe 
argand  burner  (old  standard),  7-in.  bv  2-in.  chimnev,  consuming  2*04 
cubic  feet  per  liour  of  carl)uretted  gas,  =  14*59  standard  candles ; 
reduced  to  the  standard  of  5'00  cubic  feet,  =  37' 78  standard  candles. 

Also,  with  No.  1  steatite  bat^\ang,  consuming  2*40  cubic  feet  per 
hour,  =  18*63  standard  Ciindles  :  reduced  to  the  standard  of  5*00  cubic 
feet,  ^=  38*83  standard  candles. 

3*48  cubic  feet  per  hour  of  carburetted  air  consumed  through  argand 
burner  =  16*52  candles :  reduced  to  the  standard  of  five  cubic  feet, 
=  23*70  candles. 

Durability  Test. — The  durability  of  1*10  cubic  foot  4-incli  flame: 

Mill.  Sec. 

Gas,  .  .  .  .     5         45 

Carburetted  gas,    .  .  .  1 6         38 

Carburetted  air,  .  .  .11         24 

Various  forms  of  machines  were  exjierimented  on,  viz. :  cylinder.^ 
containing  lamp  cotton,  sponge,  felt,  and  wood  carbon.  They  are  all 
useless  and  obstructiv^e,  nor  do  they  yield  so  high  or  regular  a  light  as 
air  aspirated  or  exhausted  througli  gasoline  and  charged  into  a  gas- 
holder, from  which  it  is  supplied  ready  fur  ase  at  the  burner  when 
required. — Engineering. 

[Two  great  objections  still  exi.st  to  the  iLse  of  these  machines,  viz., 
the  impossibility  of  storing  large  quantities  of  gasoline  without  the 
risk  from  fire  to  property  in  the  neigliborhood,  and  secondly,  that  if 
the  pressure  becomes  excessive,  the  flame  from  the  burner  will  be  blown 
(lut,  and  terrible  explosions,  resulting  in  loss  of  life,  have  followed  in 
consequence.    The  increase  in  the  illuminating  property  of  coal  gas,  as- 
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onliiiarily  furnished,  when  passotl  throufrh  these  machines,  is  very 
irreiit,  and  the  flan)e,  also,  is  not  liable  to  be  blown  out  with  inoreasinl 
|)re.s>iure,  ami  a  wide  field  seems  to  be  open  in  this  direction  if  all 
<lanir('r   f'ntm   fire   in   the  curburettin^  of  the  gas  could   be  done  away 

witii.] 

UNDERGROUND  TELEGRAPHING. 


Two  systems  have  been  j)ro})osed,  each  of"  which  has  its  advocates. 
Ill  one,  known  as  the  Allierger  plan,  tul)es  of  glass  are  pre])ared  of  a 
eonvenicnt  length  and  about  one-eighth  of  an  inch  inteiiial  diameter, 
in  which  a  steel  wire  is  intrcKluce<l.  The  compound  tube  is  then 
inserted  in  an  iron  one,  which  is  placed  in  a  furnace  and  brought  to  a 
welding  heut,  and  then  pjisse<l  througli  a  set  of  rolls,  reducing  the  iron 
|tij)e  sufliciently  to  make  a  solid  nuuss  of  pi|>c,  glass  and  coating.  This 
eiiating  of  iron  not  only  acts  as  a  j)rotector,  but  is  a  shield  and  an 
arrester  of  the  induced  currents  which  are  s<»  troublest)me  in  telegraph- 
ing on  the  ordinary  lines.  'J'he  wire  being  j)erfectlv  insulat<'d  and 
protected  from  all  outside  influence,  is  capable  (»f  working  to  a  higher 
capacity,  it  is  chiinied,  and  with  less  resistance  than  anv  other  known 
■system.  To  connect  the  wires,  a  trench  is  dug  of  any  de|)th  desire<l 
and  a  Imtterv  attached  to  the  first  piece  of  pijie  and  tested  with  a  g-al- 
vanometer,  and  so  with  each  one,  the  wire  being  eonnecttxl  by  tlie 
tirdinarv  telegraph  tie.  A  sleeve  somewhat  longer  than  the  pipe,  of 
bell  shape,  is  drawn  over  eiich  Joint  when  coiniections  are  made.  This 
sleeve  luu^  an  orifice  in  the  centre,  into  which  is  poured,  in  a  licpiid 
state,  an  insulating  fluid  that  fills  the  entrance  of  the  sleeve,  making  a 
joint  impervifMis  to  moisture  and  perfectly  insulat<'d. 

'V\\v  se<-(»n<l  system  is  the  invention  of  Havid  Hrooks,  the  well- 
kiiowii  ele«'triciaii,  who  has  loiiu;  cntertain<'d  the  belief"  that  a  plan  of 
iinder<rround  t<'legra|)liy  could  be  devised  which  would  be  far  su|>erior, 
ill  point  of"  economv  and  convenience,  t«»  the  ovel•h^a<l  one,  des))it<' 
many  experiiiiciits  in  this  c<»uiilrv  and  elsewhere  (o  the  contrary,  the 
great  object  being  to  lind  somethiii<;  which  i»nc<'  place<l  in  a  |)ipe  c(»n- 
taining  wires  W(»uld  prove  im|)enetrablc  to  moisture,  water  having 
such  efK'ct  upon  undergnamd  lines  that  a  very  little  would  be  sufificient 
to  destroy  ;ill  <-ommunication.  .\fter  trying  manv  sidxstances,  Ik;  com- 
menc«'d  to  experiment  with  oils,  and  his  system  consists  in  ])lacing  the 
wires,  wrapped  in  cotton,  twenty,  thirty  or  more  in  an  iron  })ipe  of  the 
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proper  size,  and,  after  it  is  laid,  oil  is  introduced  and  allowed  to  run  its 
-entire  length,  the  source  of  supply  being  an  elevated  vessel  always  kept 
full,  so  as  to  keep  a  constant  pressure  on  the  oil  already  there,  such 
pipes  having  been  first  laid  in  Philadelphia.  The  strong  point  in  the 
new  system  is  its  economy,  and  it  is  found  in  the  fact  that  any  number 
of  wires  raav  be  enclosed,  as  has  been  remarked,  in  a  small  space,  each 
one  being  a  separate  means  of  communication,  while  the  work  of  lay- 
ing them  does  not  involve  much  expense.  Once  in  place,  they  are  free 
from  disturbances  of  all  kinds.  It  is  prol)able,  therefore,  that  no  more 
pole  lines  will  be  erected  in  cities,  and  our  telephone  wires  over  the 
roofs  of  hoases  be  done  awav  Avith. 


XEW  APPLICATION  OF  PAPER. 


A  list  of  the  various  useful  jjurposes  to  which  paper  or  papier 
machi  has  been  applied  during  the  last  few  years  is  remarkable  by 
reason  of  the  great  diversity  which  it  presents.  Besides  ornamental 
articles  of  almost  every  form,  sundr}'  articles  of  clothing,  bedding, 
stamps,  boxes,  barrels,  picture-franles,  various  articles  of  furniture, 
stove-pipes,  chimney-pots,  bricks,  partition  walls  of  houses,  carriage 
wheels  and  boats  figure  amongst  the  multitude  of  appliances  to 
whidi  the  inventive  ingenuity  of  manufacturers  has  succeeded  in 
adapting  this  single  substance,  and  almost  every  week  some  new  pro- 
duction is  recorded.  The  last  application  to  which  this  useful  material 
has  been  put  Ls  the  result  of  a  pc<'uliarly  ingenius  idea.  Professor 
Greene,  of  the  Polytechnic  Institute  at  Troy,  has  recently  had  an 
astronomical  observatory  erected,  the  revolving  dome  of  which  is  to 
have  an  internal  diameter  of  twenty-nine  feet.  A  dome  of  this  size, 
constructed  in  the  usual  manner,  would  have  weighal  from  five  to  six 
tons,  and  would,  consequently,  have  necessitated  foundations  of  con- 
siderable depth  for  its  support,  but,  in  addition,  would  have  required 
powerful  and  complicjited  machinery  in  onlcr  to  move  it.  While  con- 
sidering these  conditions,  the  idea  struck  the  astronomer  that  the 
substance  which  had  been  already  put  to  such  multifarious  uses  could 
l)e  made  to  serve  his  purpose  in  a  siitisfact<jry  manner.  He  therefore 
applied  to  a  manufacturer  of  papier  mache,  who,  under  his  direction, 
constructed  a  dome  which  fulfilled  in  ever\'  respect  the  anticipations 
that  had  been  formed.    In  place  of  the   heavy  metal   framework,  such 
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a*"  is  usually  employed  in  such  structures,  a  light  but  firm  traiuiiiL!:  <><' 
\v(km1  \\x<  bifu  erected,  and  on  this  tlie  paper.  By  means  ot"  a  special 
preparation,  this  substance  has  been  rendercHl  fully  :u^  hard  :vs  the  wood 
and  even  more  rigid  than  the  latter  substiince.  It  has  been  reduced,  by 
suiyci'ting  it  to  enormous  pressure,  to  a  thickness  of  one-si.\th  of  an 
inch.  Thus  the  total  weight  of  the  dome,  instead  of  amounting  to  .some 
five  or  six  tons,  does  not  exceed  a  ton  and  three-cjuarters  ;  and  being 
mounted  on  pivots  six-eighths  of  an  inch  in  diameter,  working  in  iron 
grooves,  the  whole  is  wipable  of  being  revolved  in  any  direction 
required  without  the  assistance  of  any  machine  or  apparatus  of  any 
kind.  We  are  not  informed  what  Ls  the  dittcrence  of  cost  between 
such  a  construction  and  one  answering  the  .same  purpose  made  in  the 
«»rdinarv  way,  but  it  is  j)rol)abIe  that  theditt'erencc  would  be  considera- 
ble, independently  of  the  .saving  in  machinery  and  of  the  economy 
which  must  result  from  the  employment  of  a  far  less  .solid  foundation 
than  would  have  been  necessary  in  order  to  support  a  dome  of  metal. 
There  is,  therefore,  every  reason  to  believe  that  the  atloption  of  thi.s 
svstem  presents  wonderful  advantages  from  inimerous  points  of  view. 
— L'liif/enieur  Unirerticl. 


KLECTRIC  LIGHT  AT  THE  BRITLSII  MUSETTM. 


The  experimentid  lighting  of  the  rejiding-room  of  the  British 
Museum  by  meiuis  of  the  electric  light  has  proved  a  great  success. 
This  immen.se  l)uilding,  which  is  surmounti'd  by  one  of  the  largest 
domes  in  the  world,  was  recently  illuminated  for  several  evenings  by 
Jablochkott'  candles.  Fift^'cn  (»ut  of  nineteen  reading-di^sks  with 
whi<'h  the  ro(»m  is  furnished  were  lighted  by  eleven  candles,  each 
enclo.s<'(l  in  an  o|)ali/CHl  glass  globe  and  place(j  on  a  pedestal  fifteen  feet 
high  iixed  in  the  centre  of  the  desk,  a  twelfth  lani|)  being  j)laced  in 
the  centri'  of  the  room.  The  elfcct  was  very  striking,  the  light  being 
sutticiently  bright  to  enable  the  smallest  print  to  be  read,  and  writing, 
tracing,  drawing,  and  even  coloring,  to  be  accoin])lishe(l  with  ea.se  and 
c<»ndort  at  each  of  the  desk.s.  The  .source  of  electricity  was  a  2U-Iight 
Cinunme  machine,  driven  by  a  Robey  portiible  engine  of  Hi  nominal 
horse-power.  Four  circuits  of  four  lamps  each  were  u.sed,  twelve 
Ix'ing  placed  in  the  rejiding-room,  one  in  the  entrance-hall,  one  in  the 
pttrtico  and  two  in  the  machine  anil  engine-shed.     On  this  occlusion  an 
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improved  form  of  the  electric  candle  was  used  for  the  first  time,  in 
which  the  kaolin  seam  or  dividing  plate  is  replaced  by  a  composition 
which  is  a  feeble  conductor  of  electricity. 

By  this  modification  the  use  of  carbon  priming  fur  lighting  and 
relighting  is  dispensed  with,  and  the  necessity  of  relighting  by  hand 
avoided,  and  one  or  several  candles  may  be  lighted  or  extinguished  at 
once  by  simply  turning  the  handle  of  a  suitable  commutator.  More- 
over, if  one  of  the  candles  should  become  extinguishal  from  any  acci- 
dental cause,  it  will  immediately  relight  itself  without  affecting  its^ 
neighbors  in  the  same  circuit.  The  trial  of  the  electric  light  under 
these  conditions  has  given  such  satisfactory  results  that  it  has  been 
decided  to  extend  the  application  of  this  system  of  lighting  to  other 
parts  of  the  building,  so  that  hereafter  the  public  will  Ijc  able  to  visit 
the  British  Museum  in  the  evening — a  privilege  which  has  been  denied 
them  hitherto,  the  trustees  having  been  unwilling  to  expose  that  niag- 
nificent  establishment  to  the  risk  which  is  inseparable  from  gas-light- 
ing.—  IJ'Ingenieur  Universel. 


JAMIN   ELECTRIC   LIGHT. 


The  greatest  possible  simplicity  is  claimed  for  it.  The  two  carbons 
are  kept  parallel  by  two  insulated  copper  tubes,  separated  by  an  inter- 
val of  two  or  three  millimetres,  in  which  they  slide  by  friction  and 
which  serve  at  once  to  direct  them  and  to  guide  the  current.  They  are 
surrounded  by  a  directing  circuit  composed  of  five  or  six  spirals  coiled 
on  a  thin  I'ectangular  frame,  "40  m.  long  and  '15  m.  broad.  This  circuit, 
traversed  by  the  same  current  as  the  carbons,  and  in  the  same  direc- 
tion, guides  and  fixes  the  electric  arc  at  the  extremity  of  the  points. 

The  lighting  is  effected  automatically.  For  this  purpose  the  two 
extremities  of  the  carbons  are  surrounded  by  a  thin  rubber  band,  which 
keeps  them  close  together.  Between  them,  a  little  above,  a  small  frag- 
ment of  iron  wire  is  introduced,  which  keeps  them  in  close  communi- 
cation by  a  single  point.  As  soon  as  the  circuit  is  closed  the  current 
traverses  this  wire,  makes  it  red-hot  and  melts  the  rubber ;  the  two 
carbons  thus  freed  separate,  and  the  arc  is  established.  Carbons  of  any 
size  may  be  employed  up  to  8  mm.  diameter.  At  this  limit  the 
waste  scarcely  exceeds  1'08  m.  per  hour.  The  apparatus  may  be 
suspended  either  with  the  points  upwards  or  directed  towards  the 
Whoi>k  No.  Vol..  CVII.— '^TjnR]>  8EEiJ->i,  Vol.  Ixxvii.)  29 
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^nuiiid.  For  •several  reii.«»ii.>;  the  hitttr  i.-<  })rotei*al>le.  W'itli  its  points 
(loNviiwanl.s,  Jainiii  claiin.<  tor  tlio  li^ht  tlu'  following:  advaiitaijes : 
1.  That  of  .siinj)lioity,  since  it  rcnjiiiivs  no  incflianisin  and  no  prolinii- 
narv  ])rei)aiiiti<tn  ;  all  i.s  retluoed  to  a  .sui)port  and  to  carbons.  2.  That 
of  niCHhanicjd  economy,  since  it  .succeeds  in  almost  doubling:  tlic  nmii- 
l)er  of  liirhts.  ."i.  Increase  of  illumination,  since  each  of  the  new  lights 
is  nearly  twice  as  jmwerful  as  the  old.  4.  (Quality  of  light,  which  is 
more  white.  6.  A  more  advantag:eous  arrang:ement  of  the  ])oles,  which 
throw  their  greatest  amount  of  light  downwards,  where  it  is  retjuircd, 
instead  of  losing  it  towards  the  sky,  where  it  is  useless.  <j.  Economy 
«»f  the  coml)Ustible  material,  since  the  waste  is  less  in  proj>ortion  to  the 
size  of  the  carbons. — Xuttire. 


Colored  Pencils.  —  I^.  von  FaluT  makes  pencils  for  writing  upon 
glass,  porcelain,  metal,  etc.,  as  follows — IJIack :  ten  j»arts  of  lamj> 
black,  forty  jtarts  white  wax,  ten  parts  tallow.  AVhite  :  forty  parts 
white  lead,  twenty  jtarts  wax,  ten  |)arts  tallow.  lihie:  ten  |)avis  lier- 
lin  blue,  twenty  parts  wax,  ten  i)arts  tallow.  Haik  blue:  tiftecn  parts 
Berlin  blue,  five  p:irts  gum  arable,  ten  parts  tallow.  Yellow  :  ten 
parts  chrome  vellow,  twenty  parts  wax,  ten  parts  tallow.  7>///yAv'.s 
Journal.  ( '. 

Astronomical  Museum. — Admiral  Mouchey  propa^es  to  form  an 
astronomical  nni.scum  in  the  Paris  (Observatory.  It  is  to  c(»ntain  : 
1.  A  collection  of  the  })ortraits  of  the  astronomers  and  learned  men  who 
have  distinguished  the  observatory  since  its  foundation.  2.  A  collec- 
tion of  medals  relative  to  the  history  of  astronomy  and  of  the  observa- 
tory. 3.  A  collection  of  designs,  engravings  and  j)hotogra|)hs  repre- 
senting celestial  biKlics  and  astronomical  phenomena.  Many  of  these 
documents,  such  as  Cassini's  bciiutiful  collection  of  drawings  of  the 
moon,  liave  been  almo.st  forgotten  and  are  now  inaccessible  to  many 
astr<»nomers  who  would  feel  a  great  interest  in  consulting  them.  1.  A 
collection  as  complete  and  methodical  as  possible  of  old  astronomical 
and  physical  instruments,  and  of  everything  which  can  be  found  in 
ccimiection  with  the  base  of  the  metri<'  svstcm.  o.  Reduced  models  of 
instruments  wliieli  are  now  in  use  in  foreign  (tbservatories,  and  of 
special  arrangements  in  those  observatories  which  ap])e;ir  to  l)e  useful. 
— La  Ndfiirr.  C. 
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Estimation  of  Manganese,  especially  in  its  Alloys  with 
Iron. — By  F.  Kcssler. — The  author  give.<  details  of"  iniprovonicnts  on 
a  process  published  by  him  in  the  ZeitJ<chr.,  II.,  255  ;  the  original  was 
available  to  determine  manganese  nj)  to  thirteen  per  cent.,  but  as  the  per- 
centajje  of  mauijanese  mav  now  reach  ninety,  a  modification  became 
requisite. 

The  solution  of  iron  and  manganese  as  clilorides  is  slightlv  over-sat- 
urated with  sodium  carbonate  solution  (100  grammes  of  crytals  to  the 
litre),  and  hydrochloric  acid  (I'Ol  sp.  gr.)  is  then  added  until  the  solu- 
tion just  clears.  Both  these  liquids  are  best  run  in  gradually  from 
burettes.  After  diluting,  sodium  sulphate  solution  (100  grammes  of 
crystals  to  the  litre)  is  added  to  the  cold  solution  in  the  proportion  of 
15  c.  c.  for  each  gramme  of  iron  ;  and  the  whole,  after  being  made  up 
to  a  known  volume,  is  filtered  uninterruptedly  through  a  dry  filter. 
Mere  traces  of  iron  remain  in  solution  and  do  not  interfere  Avith 
the  titration  of  the  manganese.  From  50  to  150  c.  c.  of  this  fil- 
trate, which  must  not  contain  more  than  1  decigramme  of  manganese 
(as  previously  determined  by  the  estimation  of  the  iron),  are  then  added 
to  a  mixture  of  100  e.  c.  of  saturated  bromine  water  with  20  c.  c.  of 
sodium  acetate  solution  (500  grammes  of  crystals  to  the  litre),  and  50 
c.  c.  of  zinc  chloride  solution  (200  grammes  of  zinc  to  the  litre).  The 
solution  containing  manganese  should  be  added  in  five  nearly  equal 
portions  at  intervals  of  a  quarter  of  an  hour.  Then  20  c.  c.  more  of 
the  above  sodium  acetate  solution  are  added, and  the  whole  boiled  until 
the  smell  and  color  of  bromine  have  vanished.  The  precipitate  is  then 
rinsed  out  into  a  filter,  washed  with  dilute  sodium  acetate  solution  (one- 
fiftieth  the  strength  given  above),  and  the  precipitate  and  filter  returned 
to  the  precij)itation  flask.  The  object  of  i)rccipitating  the  manganese 
\u  the  presence  of  zinc  chloride  is  to  prevent  the  formation  of  lower  or 
higher  oxygen  compounds  of  mangenese. 

A  solution  of  antimonious  chloride  ^15  grammes  of  antimonious 
oxide  dissolved  in  300  c.  e.  of  hydrochloric  acid  to  the  litre)  is  then 
added  to  the  precipitate  in  the  flask  ;  it  is  added  5  c.  c.  at  a  time  until, 
after  being  well  shaken  with  the  precipitate,  the  latter  is  no  longer 
black,  but  brown ;  25  c.  c.  of  hydrochloric  acid  ('MO  sp.  gr.)  are  then 
added,  as  soon  as  the  precipitate  is  completely  dissolved,  the  whole  is 
rinsed  with  200  c.  c.  of  water  into  a  beaker  and  titrated  with  standard 
permanganate.  In  this  titration  the  action  of  antimonious  chloride  on 
the  permanganate  is  very  rapid,  and  a  color  permanent  for  six  seconds 
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indic-atcs  the  eiul  of  the  reaction,  even  thou^sli  it  may  .'^ul)sef[uently  dis- 
appcai",  tVoin  the  action  of  the  hy(ln>chh)ri('  acid  on  the  j>erman«^nate. 
The  sdhitioii  i>ef()ro  titration  may  l>o  jjjreon  or  yellow  from  the  presence 
fit"  nickel,  coj)j)er,  cohalt  or  iron  ;  of  these  cobalt  alone  makes  the  deter- 
iniiiatJiMi  too  hitrh  l)y  one-half  the  amount  of  col >a It  present. 

The  antlior  recommends  the  nsc  of  carefnlly  pre])are(l  pnre  maniran- 
e.se  pyrophosphate  for  a-scertainin^  the  .stren<>;th  of  j)ermant2;anatc  soln- 
ri(m.  The  salt  is  prepared  hv  dissolvint;  in  water  40  g;rammes  of 
ervstallized  manjranese  snlj^hate,  and  (30  <rrannncs  of  crv.stalli/ed  .sodinm 
phosjfhate  ;  mixinj;  the  solntions,  adding  hydrochloric  acid  nntil  clear  ; 
then  e.vcess  of  ammonia,  ai^ain  clearinu:;  with  the  acid,  filterinj;,  dilntinj^ 
to  a  litre,  and  precipitating  with  ammonia.  The  precipitate  is  washed 
hy  decantation  luitil  it  no  longer  gives  the  chlorine  reaction,  and 
then  dissolve<l  in  dilnte  nitric  acitl,  with  addition  of  a  little  snlj)hnrons 
acid  to  reduce  manganese  sesquioxide ;  ammonia  is  added  in  excess, 
then  nitric  a<-id  until  clear,  and  finally  excess  of  ammonia,  the  precip- 
itate l)eing  washed  to  the  same  extent  as  before.  This  precij)itatc  on 
ignition  gives  the  pyrophosphate,  a  jiortion  of  which  is  weighed  off* 
after  having  been  recently  ignited,  dissolved  in  hydrochloric  aci<l, 
evaporated  over  the  water-l)ath,  and  the  water-.solution  of  the  residue 
is  titrated  with  [)ermanganate  as  directed  above.  The  })ermanganate 
solution  is  made  l)y  di.s.solving  the  purest  .salt  obtainable,  letting  the 
solution  becotne  perfectly  clear  by  long  standing,  and  then  decanting; 
it  remains  unchanged  for  many  months  in  the  dark.  Only  one  s|)eci- 
iiien  of  steel — Ea.st  Indian  woot/.-steel — was  fumd  to  be  free  from 
iriiinganese.  -./o*//-.  f'ltcm.  Soc. 

Patinage  of  Locomotives. — Slg,  P.  Oppi/zi  finds  that  the  dlmin- 

utioii>  ol"  re.-istance  wliich  are  not  followed  by  an  cipial  reduction  in 
the  motive  force  pnKluce  an  acceleration  in  tlu'  lotative  movenu'nt  of 
the  wheels,  which  cannot  be  wholly  transformed  into  an  acc<'lcration  of 
the  locomotive,  and  therefore  causes  slij)ping.  lie  has  given  some 
exjK'riiiieMtal  foniuihe  wliieii,  although  not  so  compK'te  as  desii-able, 
show  the  im|>ortanee  of  a  more  careful  i-egard  to  the  relation  between 
the  motive  force  and  the  adhesion  of  the  wheels.  This  relation  has 
lieen  too  nuieh  overlooketl  by  engineers,  who  have  sought  to  give 
increased  pri'ssurc  to  the  .steiun,  and  to  work  it  under  too  great 
expansion  in  ordn-  to  obtain  some  ideal  economical  advantage. — Jl 
Polifcruico.  C. 
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Vessels  of  Steel. — Before  the  various  reeently  discovered  methods 
of  manufaeturiug  steel  at  a  low  cost  were  put  into  operation,  it  was 
thought  that  if  the  price  of  steel  could  only  be  reduced  it  would  drive 
iron  almost  out  of  use.  In  a  certain  way  this  opinion  has  been  con- 
firmed, for  steel  is  now  put  to  services  into  which  it  never  entered  when 
the  expense  of  its  production  was  higher ;  but  now  that  the  constructor 
ha.s  it  at  his  option  to  use  either  iron  or  steel,  the  merits  of  the  latter 
for  sev^eral  classes  of  work  are  accepted  less  freely  tluin  they  once  were. 
Until  within  a  short  time  it  has  been  claimed  that  apart  from  cost,  a 
steel  ship  would  be  in  every  way  superior  to  an  iron  vessel,  for  as  the 
same  strength  could  be  obtained  with  thinner  plates  and  lighter  frame, 
the  hull  would  be  more  buoyant,  while  the  enduring  qualities  of  steel 
were  known  to  be  greater  under  ordinary  conditions  than  those  of  iron, 
as  in  the  case  of  rails.  But  although  the  change  in  the  latter  has  been 
quite  universal  when  the  traffic  has  been  sufficient  to  warrant  it,  the 
extra  cost  Ijeing  quite  balanced  by  their  superior  wear,  within  a  year 
or  two  practical  experiments  have  been  made  which  prove  in  shipbuild- 
ing at  least  it  would  not  be  an  unalloyed  improvement.  In  the  first 
place,  it  is  found  that  there  is  a  much  greater  diversity  in  the"  tensile 
strength  of  different  steel  plates  than  of  iron  ones,  and  hence  the  j)arts 
of  a  vessel  might  vary  considerably  in  this  respect.  But  the  most 
important  defect  is  found  in  the  rapid  corrosion  of  steel  in  salt  water, 
and  few  shipbuildei-s,  in  receiving  steel  plates,  could  tell  whether  the 
metal  was  comparatively  pure  or  not.  Of  course  the  thiimer  the  plates 
the  sooner  the  corrosion  would  be  apparent,  and  no  coating  is  known 
that  would  entirely  prevent  this,  and  yet  in  such  collisions  as  the  case 
of  the  "  Vanguard  "  with  the  great  German  iron-clad,  one  might  well 
■wash  for  lighter  and  stronger  vessels,  such  as  steel  ones  would  undoubt- 
■edly  be.  In  the  rapid  development  of  the  British  navy  a  feature  seems 
to  be  the  employment  of  steel  in  the  construction  of  ships  of  all  sizes. 
Deck-plating  is  now  made  of  it  in  all  instances,  as  well  as  the  ribs  and 
beams.  Steel  is  also  making  its  appearance  in  the  form  of  armor,  iron 
plates  faced  with  it  having  been  lately  ad<>j)ted  in  the  turrets  of  the 
""  Inflexible,"  which  the  English  hope  may  indeed  carr}'  out  its  name, 
thereby  reducing  the  thickness  of  the  plates  from  18  t<»  1 0  inches,  which 
diminisiies  the  weight  l)y  many  tons  ;  but  wonderful  as  are  the  English 
vessels  for  size  and  power,  in  the  matter  of  guns  to  be  used  on  them 
the  Italians  lead,  and  poor  as  that  nation  is,  they  still  have  the  ambi- 
tion to  build  their  ships  with  armor  wiiich,  like  their  guns,  shall  exceed 
the  English  nation. 
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Mance's  Heliograph. — Devices  for  signaling,  in  many  respects 
similar  to  the  heliograph,  have  been  in  use  for  a  very  long  period  of 
time.  We  have  a  record  of  the  emj)loyment  of  polished  metid  surfaces^ 
tn  flash  the  rays  of  the  sun,  and  thus  give  warnings  of  one  kind  or 
another,  which  dates  back  as  far  as  tiie  Persian  invasion  of  Greece. 
Iimucdiately  after  the  battle  of  Maratiion,  the  defeated  Persians  were 
signaled  by  some  one  on  tlie  mountains  near  Athens,  by  means  of 
reflectetl  rays  of  the  sun  u[>on  tiie  polished  surface  of  a  shield,  that  the 
citv  woidd  be  put  into  their  possession  if  they  came  there  immediately 
uitii  their  fleet.  Fortunately,  in  this  instance,  the  signaling  was  seen 
l»y  botii  sides,  and  the  ready  interpretation  of  it  by  the  Greeks,  and 
their  speedy  return  to  Athens,  saved  the  city  from  falling  into  the 
hands  of  the  enemy.  In  this  case,  the  signaling  nuist  have  been  carried 
on  over  a  space  of  about  eighteen  miles,  and,  with  the  rude  aj)pliances 
used  from  that  time  down  to  a  very  recent  period,  this  wa.s  about  as  far 
as  the  system  could  be  depended  u[)Ou  to  work.  But  the  instrument 
now  in  use,  the  Mance  heliograpli,  is  a  great  improvement  on  tiie  old 
metliods,  for  not  only  does  it  concentrate  the  sun's  rays,  but  it  flasiies 
tliem  with  the  utmost  precision  to  any  retpiired  s])ot,  irrespective  of  the 
rchitive  location  of  the  sun.  It  is,  moreover,  provided  with  a  finger- 
key,  so  that  flash&s  may  be  made  of  long  or  short  duration,  in  this  way 
j»ermitting  the  employment  of  the  JNIorse  telegrai)hic  ali)liabet.  Under 
favorable  conditions,  intercourse  ha.s  been  carried  on  through  the 
medium  of  two  of  these  instruments  over  an  intermediate  distance  of 
nearly  one  hundred  miles;  and  at  several  points  occupied  by  the  Kng- 
lish  army  in  Afghanistan,  regular  communication  is  maintained  at 
distances  of  not  less  than  fifty  miles  by  heIiogra[)hic  signals.  The 
iiistrumeut  is  admirably  adapted  for  war  service,  as  it  weighs  only 
al>out  seven  pounds,  and  can,  without  difficulty,  be  carried  and  worked 
bv  one  man.  Of  course,  in  cl<>udy  weather  it  is  wholly  useless,  and 
fur  tliis  reason  can  never  entirely  take  the  place  of  flags  or  held  tele- 
graphs; yet  tiiere  are  so  many  days  in  a  yesir  in  which  it  can  be  used 
that  it  will  be  strange  if  it  is  not  made  use  of  in  various  j)arts  of  the 
world,  for  commercial  as  well  as  military  purposes.  It  ha.s  already 
been  proposed  to  establish  a  systematic  lelegrapiiic  c(^mmunication 
between  various  islands  in  the  West  Indies  by  the  heliographi(;  process; 
and  we  venture  to  think  that  before  long  it  will  be  adopted  Jis  a  mean.«» 
of  si<rnaliiiir  between  vessels  when  at  sea. 
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Organic  Resistance  to  a  Boiling  Temperature.— Cli.  Cham- 
berlrtud  hiis  found  a  microscopic  organism  which  lives  in  nearly  all  liquid 
solutions  of  organic  matter,  provided  that  they  have  been  previously 
neutralized  by  a  solution  of  potash.  It  produces  germs  or  spores  which, 
when  placed  in  neutral  media,  resist  a  boiling  temperature  for  several 
hours.  A  temperature  of  about  115°  (239°  Fahr.)  kills  them  very 
rapidly. — Comptcs  Rendus.  C. 

Distribution  of  Heat  on  the  Sun's  Surface. — Messieurs  L. 
Cruis  and  J.  O.  LaCaille  have  made  a  series  of  observations  upon  the 
superficial  heat  of  the  sun  at  the  imperial  observatory  of  Rio  Janeiro. 
The  radiations  from  the  northern  hemisphere  are  more  intense  than 
those  from  the  southern  in  ratios  varying  from  1*2  to  1'4,  the  mean 
radiation  of  the  southern  hemisphere  being  only  three-fourths  as  great 
as  that  from  the  northern.  The  greatest  radiation  is  only  "56  as  great 
as  it  would  be  if  there  were  no  atmosphere ;  the  total  radiation  is  only 
•22  as  great;  in  other  words,  there  is  an  atmospheric  absorption  of  '78. 
The  observations  completely  confirm  the  general  results  which  were 
obtained  by  Father  Secchi,  while  they  present  some  divergencies  in  the 
absolute  values  of  the  radiations. — Comptes  Rendns.  C. 

Starch-like  Granules  in  Eggs. — In  1806  M.  C.  d'Areste 
found  some  granules  in  the  yolks  of  eggs  which  presented  many  char- 
acteristics of  starch.  Their  existence  was  at  first  contested,  but  after- 
wards admitted,  and  various  attempts  were  made  to  account  for  them. 
He  has  lately  continued  his  investigations,  and  finds  that  the  granules 
are  insoluble  in  alcohol,  ether,  or  any  of  the  other  common  solvents  of 
fatty  matters.  They  are  colored  blue  under  the  influence  of  any  solu- 
tion of  iodine.  Sulphuric  acid  decomposes  them;  but  acetic  acid  does 
not  affect  them.  The  largest  grains  swell  under  the  influence  of  potash 
or  soda,  and  resume  their  primitive  volume  when  placed  in  alcohol. 
When  their  form  is  very  regular  they  act  upon  polarized  light  like 
grains  of  starch.  They  may  be  separated  from  the  yolk  by  first  hard- 
ening it  in  water  of  75  or  80°  (157  to  176'^F.)  so  that  the  globules  of 
the  yolk  are  transformed  into  hcxaedral  i)risms.  These  globules  are 
first  treated  by  ether,  which  dissolves  the  oil  and  a  })()rtion  of  the  fatty 
matters,  and  then  by  absolute  alcohol,  which  removes  the  rest  of  the 
fatty  materials  and  constracts  the  albuminous  substances,  producing 
partial  ruptures,  from  which  the  starchy  globules  escape. — Comptes 
Rendus.  C. 
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International  Canal. — The  project  dfa  amul  between  the  Rhine 
:jin(l  the  Maas  seems  likely  to  be  soon  carried  into  execution.  The  city 
of  Crctcltl  luis  already  announced  its  readiness  to  a]i|)ro]iriate  500,()0(» 
marks  (^125,000)  for  the  purj)o.se,  and  it  is  thou<rlit  that  the  German 
and  Dutch  governments  will  (•<)ntril)utc  the  residue. — Fortsch.  der  Zeit. 

Another  New  Metal. — The  services  the  spectroscoj)e  is  lapable 
of  rendering  to  science  become  more  and  more  evident  daily,  the  latest 
pn»(»f  of  the  fact  being  the  (lisc(»very  of  a  new  metal  called  scandium. 
In  .some  of  the  mines  in  .Sweden  and  Norway  .small  (piantities  of  earthy 
minerals  are  found  called  gadolinite  and  euxenite,  composed  of  oxides 
of  very  rare  metals.  The  bulk  of  the  substan<'e  is  of  a  rose-color, 
arising  from  the  i)resence  of  erbium,  and  is  called  erbine.  At  first  it 
wius  su[)po."<ed  to  be  simply  mixed  with  some  eiirthy  .substances  which 
rendere<l  it  impure,  but  not  long  ago  M.  Marignac  discovered  the 
j)re.<ence  of  another  metidlic  substance,  which  he  called  ytterbine,  the 
oxide  of  ytterbium.  However,  great  uncertainty  existed  as  to  the  com- 
position of  these  bodies,  and  M.  Nilscn  undertook  a  .series  of  experi- 
ments on  the  subject.  ^E.  I^erthelot,  at  the  la.st  meeting  of  the  Academy 
of  Sciences,  gave  an  account  of  what  had  been  done  .so  far,  the  result 
being  the  discovery  of  a  new  metal,  to  which  M.  Nilsen  has  given  the 
name  of  .srandium,  to  indicate  that  it  is  of  Scandinavian  origin.  Erbine 
is,  as  before  mentioned,  erf  a  brilliant  ro.se-color,  while  ytterbine  is 
white.  But  the  separation  of  the  two  substances  can  only  be  effected 
with  extreme  difficulty.  The  earth  has  to  be  dissolved  in  boiling 
nitric  acid,  and  the  ytterbine  then  prccii)itated  by  suli)huric  acid  ;  and 
M.  Xilson  fomid  that  the  oi>erati(»n,  rei)eated  more  than  20  times,  did 
not  coiiipletely  se])arate  the  two  bodies.  When  he  had  obtained  a 
<'om|);n'ativi'lv  ])ure  vtt(!rl)ine  he  commeiiced  an  exainination  of  it,  and 
then  he  found  that  it  gave  absor|)tion  bands  in  the  spectrum  unknown 
to  any  snbstaiK-e  |)revionsly  examined.  After  repeated  trials  he  became 
<'onvinccd  that  he  was  dealing  with  a  metal  never  before  suspected,  and 
he  continncd  his  researches.  He  is  unable  to  say  at  present  what  may 
be  the  chemical  properties  of  the  new  l)ody,as  the(|Uantity  of  material 
at  his  disposal  w;is  insufficient  to  allow  him  to  i.solate  the  metal.  Nor 
cjui  he  decide  its  yet  as  to  the  place  the  new  nu'tal  is  to  take  among  the 
older  ones,  but  he  considers  that  its  properties  di tier  materially  from  those 
of  erbium  and  ytterbium,  and  that  it  should  raidc  between  tin  and  tho- 
liiuu,  as  the  atoniic  weights  of  these  two  are  11  <S  and  2-M,  while  he 
<alcnlatcs  that  of  .scandium  at  from  KJO  to  liSO. 
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Reversal  of  Motion  Without  Gears  or  Belts. — In  1853,  MM. 
C'laparadc,  Roux  and  Delille  attempted  to  produce  opposite  revoluti<nis 
in  two  parallel  arbors  by  means  of  a  Watts  parallelogram,  but  these 
experiments  were  not  satisfactory.  Charles  Bourdon  has  lately  intro- 
duced a  contrivarice  which  is  based  upon  the  two  following  theorems : 
1.  If  two  cranks,  of  any  length  and  initial  position,  turn  with  the 
same  angular  velocity,  the  point  which  divides  the  line  of  variable 
length,  which  joins  their  extremeties  at  each  instant,  describes  a  straight 
line  parallel  to  the  bisectrix  of  the  angle  of  the  two  cranks.  2.  When 
the  two  cranks  are  equal,  the  projection  of  the  joining  line  on  the  bisec- 
trix preserves  a  constant  length.  By  means  of  an  ordinary  slide,  M. 
Bourdon  compels  the  middle  of  the  system  to  take  a  rectilinear  move- 
ment. Then,  by  means  of  two  reciprocating  Peaucellier  cells,  or  even 
without  the  use  of  cells,  if  one  extremity  of  the  crank  is  allowed  a 
«light  play,  two  arbors  may  be  easily  connected  so  as  to  turn  in  oppo- 
site directions  and  to  avoid  any  dead  point, — Bull,  dc  la  Soc.  (VEncovr. 

C. 

Prime  Meridian. — The  ancient  geographers  knew  nothing  west 
•of  the  Fortunate  or  Canary  Islands.  Ptolemy  started  from  that  point 
to  estimate  longitude,  going  eastward  to  the  extremity  of  the  coun- 
tries which  were  then  known.  According  to  his  geography,  Paris 
would  have  had  a  longitude  of  about  23i°.  In  1682  the  Frencli 
geographers  generally  estimated  the  longitude  at  20°,  but  some  writers 
fixed  upon  231°,  22i°  and  20^°.  England  subsequently  adopted  the 
meridian  of  St.  Paul,  in  I^ondon,  and  afterwards  Greenwich.  France, 
in  1789,  adopted  the  meridian  of  Paris.  These  examples  have  been 
followed  by  Holland,  Spain,  Portugal,  Russia,  United  States,  Chili 
and  Brazil,  each  country  a<lopting  either  its  own  capital  or  its  ])rincipal 
observatory  as  the  zero  point  of  longitude.  In  order  to  remedy  the 
confusion  arising  from  these  various  meridians,  M.  de  Chancourtois 
proposes  to  take  the  meridian  of  St.  Michel,  in  tlie  Azores,  which 
agrees  closely  with  that  of  Ptolemy  and  tiuit  of  Mercator,  and  which 
seems  to  liave  other  advantages,  because  it  j)asses  entirely  through  the 
ocean  for  one-half  of  its  extent,  and  on  the  other  half  it  only  cuts  the 
eastern  extremity  of  Asia,  thus  separating  pretty  exactly  the  old  and 
the  new  worlds.  Bonthillier  de  Beaumont  and  E.  Corlanbert  pro])ose 
an  initial  meridian  ten  degrees  east  of  Paris,  and  that  Italy  and  the 
United  States  should  ('('de  to  the  Republic  of  Science  neutral  stations 
for  observatories  upon  th-at  meridian. — La  Xafurc.  C. 
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Physical  Modifications  of  Starch.  —  M.  F.  Masculus  finds 
tliat  .starchy  matter  may  cxL^t  Ixttli  in  tlio  colloid  and  in  the  crv.stalloid 
.'itiite.  When  colloid,  it  i.s  soluble  in  water,  saccharifiable  by  dia.sta.>^ic 
ferments,  and  diluted  in  boiling  mineral  acids,  but  it  easily  undergoes 
modifications  which  render  it  insoluble  even  in  boiling  water  and 
unaffected  by  ferments  and  acid,>^.  Iodine  gives  it  a  blue  color,  while 
it  colors  the  insoluble  form  red  or  yellow.  In  the  crystalloid  con- 
dition it  can  be  obtained  under  the  form  of  i.solated  crystals,  whicli 
are  easily  dis.solved  in  cold  water;  these  cry.stals  rapidly  luiite  and  then 
became  less  st)luble.  The  crystalloid  starch  then  undergoes  the  same 
modifications  as  the  colloid;  it  remains,  however,  always  soluble  in 
water  at  a  temperatiuv  of  50  or  60°  (122  to  140°F.),  and  saccharifiable 
by  ferments  and  acids.  In  isolated  crystals  it  is  not  colored  by  iodine;, 
in  thin  .solutions  it  takes  a  red  color;  in  concentrated  solution  a  violet 
or  l)lue  color,  according  to  the  degree  of  concen  I  ration.  It  passes 
through  parchment  |)aper,  although  with  difiicidtv. —  Compfv.s  liendws. 

c. 

Improvements  in  Coating-  Mirrors. — Tlie  Ficnch  Academy 
lias  awarded  a  prize  of  2500  francs  to  M.  Lenoir  for  imj>rovements 
which  secure  to  mirrors  all  the  advantages  of  silvering,  together  with 
the  ({ualities  of  amalgamation  under  (londitions  which  preserve  work- 
n»en  from  exposure  to  mennirial  vapor.  The  glass,  after  being  silvered 
by  mejins  of  tartaric  acid  and  ammoniacal  nitrate  of  silver,  is  expo.sed 
t<»  the  action  of  a  weak  .solution  of  doid)le  cyanide  of  mercury  and 
|iotassium  ;  there  is  thus  formed  a  white  and  brilliant  silver  amalgam 
which  ailhercs  strongly  to  the  glass.  Th  '  ojx'ration  is  facilitated,  and 
all  the  materials  are  economized,  by  sprinkling  the  glass  at  the  moment 
when  it  is  covered  by  the  nuTcurial  solution,  with  a  very  fine  zinc 
jxtwder,  which  precipitates  the  mercury  and  regulates  the  amalgama- 
tion. Mirrors  which  are  thus  prepared  are  free  from  the  yellowish 
tint  of  ordinary  silvered  glass,  and  the  amalgam  is  not  easily  affected 
by  sul|>hurous  emanation.s.  The  committee,  in  their  report,  also  recount 
M.  L'juoir's  improveuKMits  in  galvano-])lastic  proce.s.se.s,  his  di.scovery 
of  an  autograj)hic  telegraph,  which  rei>ro(luces  writings  or  drawings 
with  printer's  ink,  his  new  and  ingenious  methods  for  securing  the 
synchronism  of  the  transmitter  and  the  receiver,  and  the  well-merited 
repiUatiou  which  he  luis  aeipiired  from  his  gas  motor. —  Comptes 
Reiidus.  C. 
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Pre-historic  Flax. — Prof.  Heer  lias  found  that  tlie  flax  which 
was  cultivated  by  the  inhabitants  of  the  lake  dwellings  is  of  a  differ- 
ent species  from  that  which  is  now  raised.  It  had  smaller  seeds  and 
sent  numerous  stalks  from  the  ground,  while  the  variety  which  is  now 
cultiv^ated  has  only  a  single  stem. — Fortsch.  der  Zeit.  C. 

Wear  of  Materials. — M.  Lavoinne  commends  the  St,  Louis  exper- 
iments which  are  described  in  the  Mayor's  message  for  1878.  Although 
they  are  too  few  to  furnish  practical  results  of  great  value,  the  princi- 
ple is  good  and  the  mode  of  experimenting  is  so  easy  that  it  is  desira- 
ble to  use  similar  apparatus  elsewhere  for  similar  researches. — Ann.de»- 
Fonts,  et  Chauss.  C 

Farchmeilt  Cotton. — Imitation  woolen  fabrics  are  manufactured 
in  England  from  cotton  which  has  been  subjected  to  a  process  similar 
to  the  one  which  is  employed  in  making  parchment  paper.  The 
cotton  is  exposed  for  24  hours  in  a  mixture  of  one  part  of  concen- 
trated sulphuric  acid,  one  part  glycerine  and  three  parts  water,  which 
is  kept  at  a  temperature  of  17°C.  (63*5°F.)  The  cotton  is  then  pressed 
between  glass  rolls  and  washed  until  litmus  paper  shows  no  trace  of 
acid. — Indust.  Blatt.  C. 

Prize  to  Alexander  Agassiz. — The  Sevres  prize  of  the  French 
Academy  has  been  awarded  to  Alexander  Agjussiz  for  his  numerous  and 
extensive  researches  in  general  embrvolojjv.  The  committee,  in  their 
report,  state  that  these  researches  extend  over  a  period  of  fifteen  years^ 
and  that  the  results  are  noteworthy,  not  only  for  their  scientific  import- 
ance, but  also  for  the  i)crsevering  efforts  which  have  led  to  them.  They 
display  great  vigor  in  the  observations,  abundant  sagacit}'  in  the  com- 
parisons, dignitv  and  wise  reserve  in  the  inductions. —  Comptes  Rendus.. 

C. 

Temporary  Magnetism  of  Nickel  and  Cobalt. — Henri  Bec- 
querel  has  been  pursuing  an  extensive  series  of  experiments  upon  the 
temporary  magnetism  developed  in  various  specimens  of  nickel  and 
cobalt  as  compared  with  that  of  iron.  He  finds  that  Nvhen  bars  of  nickel, 
\vhich  are  chemically  pure,  are  employed,  they  give  results  very  similar 
t< >  those  of  soft  iron.  One  very  remarkable  bar  of  nickel,  which  was 
probably  porous,  appeared  to  be  a  little  more  magnetic  than  iron.  He 
found  very  little  difference  between  the  nickel  and  the  cobalt.  He  pro- 
poses to  follow  these  experiments  by  a  special  investigation  of  the  per- 
manent magnetism  of  the  three  metals. —  Compte.^  Rendus.  C 
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New  Material  for  Vases. — The  weiofht  and  brittleness  of  term 
«ntt;i  are  irrcat  (iWjt'ctions  to  its  u.se  in  lumsoliolil  utensils  and  orna- 
naiits.  To  avoid  these  ohjcelions,  Messi-s.  David  &  Co.  eni]>loy  eotton 
]tuli)  covered  witli  a  special  composition,  which  contains  a  .•soluble  var- 
nish. Articles  which  are  made  with  this  material  are  very  lioht  and 
vcrv  strontr. — L((  (uu-cfa  LuhistrUil.  (.". 

African  Travels. — Serpa  Pinto  has  traversed  the  Zanibese  from 
the  west  to  the  east.  The  I^isbon  Geographical  Society  has  lately 
received  the  followini;  despatch  from  him:  "  I  am  within  six  days 
of  the  Indian  (Jeean,  on  the  eve  of  terminatino;  my  tour  acro.ss  Africa 
fi(»m  the  west  coast.  I  have  striven  apiinst  hunger  ahd  thii-st,  wild 
beasts,  savages,  inundations  and  drought ;  I  have  hapj)ily  surmounted 
allthe.se  ob.^tacles.  Works  saved:  twenty  geograi)hical  charts,  three 
volumes  of  important  co-ordinates,  nieteorologicjil  studies,  three  volumes 
of  drawings,  a  voluminous  Journal.  I  have  lost  many  of  my  men. 
Complete  study  of  the  upper  Zambese;  seventy-two  cataracts  and  rapids. 
Plan  of  the  cataracts.  Natives  ferocious;  constant  wars." — Compiem 
lit  ikJiis.  C. 

Ethiopian  Honey. — In  subterannean  cavities,  in  Ethiopia,  a  lumey 
is  foiind  which  is  made  without  wax  by  an  insect  resembling  a  great 
mos([uito  ;  the  natives  call  it  fazma.  M.  A.  Villiers  gives  the  follow- 
ing analysis : 

Water,         .  .  .  .  .  25-5 

Tvcvulo.^e  and  gluco.><e,  .  .  32* 

Mannite,  ....  3' 

Dextrine,  .  .  .       "      .  27-9 

Ash,  .....  2-0 

Impurities  and  lo.s<,      .  .  .  5>'l 


1()(H) 

There  is  a  small  |)roportion  of  a  bitter  principle  which  has  not  been 
is<»lated,  but  which  is  not  nitrogenous.  The  composition  of  this  honey 
i<  i-imilar  to  that  of  the  mannas  of  Sinai  and  Kurdistan,  whi<-h  were  for- 
nierlv  analv/ed  bv  M.  l5erthelot,that  of  the  suuarv  matter  in  the  leaves  of 
til"'  linden,  analyzed  by  M.  Boiis-sengault,  na  well  as  that  (»1"  ordinary 
honey,  it  differs  from  all  these  substances  in  tli<'  al>sence  of  cane 
~iigar. — ('oinjjfc.'i  lieiidu.'i.  C 
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Proposed  Artesian  Well  in  Madrid. —  Proposals  have  been 
issued  for  the  speedy  boring  of  an  artesian  well  in  the  Spanish  ca])ital 
of  sufficient  capacity  to  give  a  mininnim  supply  of  50  litres  (11  galls.) 
of  water  per  second.  It  is  believed  that  this  supply  will  be  reached  at 
a  depth  of  not  over  400  metres  (437*45  yards).  Many  of  the  nobles* 
and  capitalists  are  much  interested  in  the  jiroject,  and  it  is  thought  that 
a  company  will  soon  be  organized  for  carrying  it  into  execution. — La 
Gaceta  Indust.  C. 

Photographic  Rifle. — M.  Marey  having  expressed  a  wish  for  the 
invention  of  a  photographic  rifle  which  could  take  instantaneous  views, 
of  birds  in  their  flight,  Capt.  Eugene  Vassel  proposes  a  small  dark 
rifle  chamber  of  35  milimetres  (2"27  in.)  interior  diameter,  surmounted 
by  a  proper  level  and  sight.  By  means  of  Muybridge's,  Janssen's  or 
other  contrivances  for  taking  instantaneous  pictures,  he  thinks  that  small 
views  might  be  easily  taken  which  could  be  subsequently  enlarged. 
He  also  proposes  a  photographic  revolver  for  taking  a  series  of  suc- 
cessive attitudes  at  a  single  operation. — La  Nature.  C 

Montyon  Prize. — The  Corliss  engine  at  the  French  Exposition  of 
1878  consumed  only  one  kilogramme  (2'2  lbs.)  of  coal  per  horse-power 
per  hour.  A  similar  engine  of  700  horse-power,  constructed  by  M. 
Farcot,  for  the  drainage  at  Asnieres,  consumes  only  six- tenths  as  much . 
M.  Tresca,  in  recommending,  on  behalf  of  the  committee  of  the  French 
Academy,  that  the  Montyon  prize  should  be  awarded  to  the  inventor 
of  this  engine,  stated  three  special  advantages  which  it  possessed  :  a 
form  of  construction  wdiich  establishes  a  great  firmness  between  the 
cylinder  and  the  chief  arbor,  with  the  least  consumption  of  material  ;. 
the  separation  of  the  orifices  of  admission  and  emission,  to  the  great 
advantage  of  the  permanence  of  temperature  in  the  steam  at  its  entrance 
into  the  cylinder  ;  and  a  system  of  distribution  commanded  by  a 
central  ))latform  for  the  four  openings  by  means  of  springs  and 
cams,  which  secure  the  o])ening  and  closing  of  the  orifices.  \Miile 
claiming  for  Cav^  the  })rinciple  of  sei)aration  between  the  orifices  and 
conduits  of  admission  and  escape,  the  committee  consider  that  Corliss' 
aiiplications  of  the  })rinciple,  the  ])recision  of  action  and  the  economy 
of  his  engines  entitled,  him  to  the  Montyon  prize  of  one  thousand 
francs,  and  the  Academy  aw-arded  the  prize  accordingly. —  Comptes 
Rendus.  C. 
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Molecular  Light. — In  continuing  his  re!?earche.s  upon  "  the  fourth 
ibrni  ot"  matter,"  Crooks  lia.s  c-on.stnictod  an  apparatus  by  the  aid  of 
Avhic'li  a  great  heat  i.s  })roduee<.l  wlien  the  foeu.s  of  the  rays,  wliieh  are 
emitted  from  an  aluminiiun  cup,  is  deviated  laterally  by  means  of  a 
magnet  upon  tlie  walls  of  the  ghuss  tube.  By  making  use  of  a  mod- 
erately large  hemis})here,  and  causing  the  negative  focus  to  fall  upon  a 
piece  of  platinum-foil,  the  heat  is  raised  to  such  a  degree  that  the 
metal  melts. — Comptes  Mendus.  C 

Russian  Railway  Schools. — There  are  twelve  railway  schools 
in  Kussia.  The  programmes  include  religious  instruction,  the  Russian 
language,  geography,  history,  mathematics,  physias,  mechanics,  the 
applications  of  engineering,  natural  science,  telegraphy,  book-keeping, 
drawing,  gymnastics  and  singing.  During  the  past  eight  years  instruc- 
tion has  Ix-en  given  to  4843  pupils,  of  ages  from  1.'^  to  21.  The 
i>chools  are  supported  by  the  railway  companies,  who  pay  an  annual 
contribution  of  35  fr.  per  kilometre  [$11.26  per  mile]. — Ann.  (ie^i 
Fonts  rt  Chduss.  C. 

Poison  Mushrooms. — Mr.  J.  A.  Palmer  has  a  paper  on  pois<»n- 
ing  by  nuishrooms  in  the  Moniteiir  Scientifique.  He  states  that  there 
are  three  different  ways  in  which  nuishrooms  may  act  as  a  poison. 
Fii-st,  they  may  produce  the  effects  of  indigestible  matter,  as  when  the 
iiard  coriaceous  species  is  eaten ;  and  even  the  edible  mushroom  may 
ciuise  a  similar  result,  for  when  it  is  decom])osing  it  gives  off  sulphur- 
etted hydrogen  gas  in  quantity  sufficient  to  induce  vomiting.  Second, 
nuishrooms  may  be  gelatinous  or  acrid.  Third,  a  sid)tle  alkaloid, 
without  smell  or  taste,  is  contained  in  some  mushrooms,  as,  for  instance, 
in  the  group  of  the  Amanit.T,  and  is  called  amanitin.  No  antidote  has 
yet  been  di.scovered  for  this  poison,  and  to  it  most  of  the  cases  of  death 
following  the  eating  of  mushrooms  is  due.  It  is  at  first  slow  in  its 
action,  but  after  the  lapse  of  eight  to  fifteen  hours,  the  patient  expe- 
riences .stiii)efaction,  jiau.-ea  and  diarrhcea.  Delirium  follows,  and  then 
•  leath.  Mu.shrooms  containing  amanitin  will  impart  poisonous  pro- 
jM-rties  to  wholes<mic  varieties,  if  botii  happen  to  be  placed  in  the  same 
v(!.s.sel.  The  ]K>ison  can  be  absorbed  by  the  pores  of  the  skin.  Mr. 
Palmer  carried  in  his  hand  some  amanitie  wrapped  up  in  paper,  and, 
notwithstanding  the  protection  which  the  wrapper  should  have  afforded, 
he  wa**  seized  with  alarming  .symptoms. 
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Origin  of  Springs. — M.  Zweifel  combats  the  idea  that  springs 
owe  their  origin  to  rain  water.  He  shows  by  the  observations  at  many 
important  stations  tliat  the  annual  evaporation  is  hirgely  in  excess  of 
the  annual  rainfall,  and  that  the  earth,  even  in  the  most  absorbent  soils, 
is  rarelv  moistened  by  the  heaviest  showers  to  a  greater  depth  than  40 
or  50  centimetres  (15-75  to  19'69  in.).  Air,  however,  under  the  pres- 
sure of  fifteen  pounds  to  the  square  inch,  can  penetrate  to  much  greater 
depths,  and  if  we  suppose  that  the  saturation  of  the  subterraneous  air 
varies  in  the  same  manner  as  that  of  the  superficial  layers,  the  conden- 
sation of  its  vapor  may  account  for  all  subterranean  waters.  The  rapid 
increase  in  the  amount  of  precipitation  as  we  approacli  the  earth's  sur- 
face lends  some  confirmation  to  these  views. — Bull,  de  la  Soc.  Indu-st. 

C. 

Telephones  without  Diaphragms.  —  M.  Ader  reports  some 
experiments  confirmatory  of  the  views  of  Du  Moncel  upon  telephones 
without  diaphragms.  He  has  often  observed  that  the  reproduction  of 
words  and  sounds,  which  are  occasioned  by  the  interniption  of  cur- 
rents, can  be  made  with  these  telephones  with  a  different  quality  and 
upon  a  higher  or  lower  pitch,  according  to  the  degree  of  tension  Avhich 
is  g-iven  to  the  iron  wire ;  but  if  the  fundamental  sound  of  the  wire  is 
muffled  by  holding  it  between  the  fingers  the  sounds  which  are  re})ro- 
duced  become  dull,  a  little  more  feeble,  and  always  in  the  same  tone. 
He  concludes  from  his  experiments  that  the  sounds  which  are  pro- 
duced by  a  magnetic  nucleus  are  probably  the  result  of  shortenings 
and  lengthenings  of  the  wire,  determined  by  rajiid  magnetizing  and 
de-magnetizing. —  Comptes  Rendm:  .  C. 

Heraud's  New  Battery. — This  is  of  simple  construction  and  at 
the  same  time  constant.  The  liquid  used  to  excite  it  is  a  solution  of 
ammonium  chloride,  and  the  depolarizing  substance  employed  is  mer- 
curous  chloride  or  calomel.  In  presence  of  zinc  the  ammonium 
chloride  gives  zinc  chloride,  ammonia  and  hydrogen.  The  hydrogen 
reduces  the  mercurous  chloride,  yielding  metallic  mercury  and  hydro- 
chloric acid.  This  latter,  imiting  with  the  ammonia,  gives  ammonium 
chloride  again.  To  prevent  the  formation  of  zinc  oxychloride  and  its 
deposition  on  the  zinc,  one-tenth  of  ammonia  solution  is  added  to  the 
solution  of  ammonium  chloride.  The  zinc  is  suspended  in  the  middle 
of  the  liquid,  and  the  carbon,  the  positive  electrode,  is  enclosed  in  a 
canvas  bag.  After  working  on  a  closed  circuit  for  248  days,  the  cur- 
rent retained  two-thirds  of  its  original  strength.  C. 
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Acoustic  Figures. — .M.  ('.  Dcchanne  concliules  his  j)ai)or  ujh)ii 
the  acoustic  vibrations  of  litjuids  by  showinjj  their  correspoiuleiice  with 
th(tsc  of  tlie  Clihubii  phvtcs.  By  exporinicntino;  upon  circuhir  phites 
altcrnatclv  with  sand  and  with  water,  he  Hnds  that  the  diametral,  the 
concentric,  and  the  compound  systems  are  all  equally  well  represented. 
The  jxtsition,  extent,  and  form  of  the  ditlerent  systems  of  ])eripheral 
intern* hU's  and  the  ecccntri*-  networks  of  different  ordei's  ("an  be  deter- 
mined   numerically   beforehand    for  a    plate   of    j^iven   dimensions. — 

—  ('oiuittcs  J\iii(hi.'<.  (\ 
Adulteration  of   Tea. — The   adulteration  of  tea  is  as  old  as  the 

tea  trade  itself.  In  the  year  1783  the  quantity  of  counterfeitcnl  tea 
which  was  imported  into  Enjrland  was  more  than  four  million  ])ounds, 
while  the  entire  suj)j)ly  of  gemiine  teji  which  was  broui:;ht  by  the  Eiist 
India  Company  did  not  exceed  six  million  pounds.  The  adulterations 
are  of  f<»in'  kinds:  1,  mineral  substances  for  increasino;  the  weight; 
2,  mineral  colorin>;  materials,  which  are  very  rare;  3,  orjjjanic  sub- 
stances for  inereasinjr  the  wei<i:ht  (these  jrcnorally  consist  of  leaves  of 
cheaper  planti^);  4,  or«i;anic  coloriiiu;  matters  and  astrintrent  substiinces. 

—  li'iiKiIir'x  ./(III /•tin/.  i\ 
Colored    Photographs. — -M.    C'ros    |>re])ares    three    j)holo«rraphie 

imprc^isions  of  any  object  by  sifting  the  light  through  solutions  which 
will  rc-^pectively  arrest  the  green  rays,  the  yellow  rays,  and  the  violet 
nivs.  The  impression  from  which  the  green  has  been  excluded,  if 
developed  under  green  light,  will  appear  inten.sely  green  at  points  where 
the  original  was  the  greenest,  and  pale  green  or  black  at  the  green 
points  where  the  green  wits  mingled  with  other  colors  or  was  entirely 
absent,  liy  cond)ining  the  three  negatives,  and  .superposing  the  ima- 
ges by  the  help  of  reflecting  prisms,  he  obtains  an  ap|»ro\imatc  solu- 
tion ol"  the  fixation  of  colors  bv  ])hotography. — Jj(i  .\<((iir<:  C. 

Natural  Gelatinous  Silicate. — During  the  summer  of  1876,  in 
lioring  a  small  tunnel,  six  kilometres  (3*73  miles)  <'ast  of  Lausanne, 
the  workmen  found  a  gelatinous  substance  of  a  milky  whiteness:,  resem- 
bling semi-li<piid  starch  or  soft  fat.  The  inictuous  feeling  and  fatty 
ap|>earancc  of  the  substance  led  them  to  give  it  the  name  of  mineral 
lard.  I'rof.  R<'iievier  hits  lately  analyzed  .some  specimens,  which  he 
find~  to  contain  ab<»ut  four  parts  of  silex,  one  part  of  alumina,  one  j)art 
'if  a  mixtiu'e  ol"  lime  magnesia  and  potash,  and  six  parts  of"  water. 
The  elementary  proportions  are  almost  precisely  the  sjime  as  tho.se  ol 
gmclinitc  and  ehabasite,  minerals  which  have  hitherto  been  found  only 
in  a  crv.stalline  .stiite. — Bull,  de  la  Soc.  1  a«f/.  C. 
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Martin's  Steering  Apparatus. — This  seems  to  be  veiy  nearly 
the  principle  of  the  air-ljrakes  on  railway  trains,  and  is  novel  in  the 
substitution  of  a  lever  for  the  wheel  and  in  the  means  of  applying  the 
steam  power.  This  lever  slides  from  side  to  side  on  a  curved  iron 
frame  and  is  attached  below  the  deck  to  a  long  nxl,  which  in  turn 
works  a  three-way  valve.  As  the  lever  is  moved  it  turns  the  valve, 
admitting  steam  to  cylinders,  the  rudder  chains  being  attached  to  the 
pistons  working  in  these.  AVhen  the  lever  is  vertical  steam  is  admitted 
equally  to  each,  and  the  pressure  is  of  course  the  same;  but  as  it  is 
moved,  a  percentage  of  steam  is  transferred  from  one  cylinder  to  the 
other,  either  way,  and  the  movement  is  so  simple  that  a  l)oy  can  readily 
regulate  the  whole  apparatus  for  a  large  steamer.  Under  the  ])resent 
system  of  wheel  steering,  two,  three,  or  more  men,  all  travelers  across 
the  ocean  have  noticed,  pulling  at  the  wheel,  especially  in  rough 
weather.  Capt.  Martin's  invention  proposes  to  draw  the  steam  power 
from  the  ordinary  boilers  of  the  vessel,  and  in  practice  it  is  found  that 
the  rudder  can  be  moved  much  quicker  than  at  present,  which  is  a 
great  advantage,  especially  when  there  is  danger  from  collision.  With 
such  an  aid,  which  bids  fair  to  supplant  the  old  method — although 
that  will  be  of  course  at  hand  in  case  it  must  be  resorted  to  from  any 
accident — and  electric  lights  on  the  vessel,  its  path  across  the  great 
fKean  will  be  comparatively  as  free  from  danger  as  the  advanced  science 
of  the  day  can  possibly  make  it. 
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An  Elementary  Course  of  Geometrical  Drawing.     By  Geo. 
L.  Vose,  A.M.     Boston  :  Lee  &  Sheppard,  1878.     Oblong  4to. 

The  author  gives  a  number  of  the  more  important  problems  in 
plane  and  solid  geometrical  drawing.  He  recommends  a  teacher, 
that  the  ])uj)il  may  avoid  falling  into  errors  which  are  so  hard  to  cor- 
rect later.  To  those  commencing  the  study  of  geometrical  drawing  it 
will  prove  a  very  good  collection  of  carefully  chosen  examples.  A 
short  explanatiftn  of  the  projections  of  a  point  and  a  line,  as  well  as 
the  traces  of  a  plane,  in  various  positions,  would  have  made  the  book 
more  complete.  P. 

Whole  No.  Vol.  CVII.— (Thlrd  Series  Vol.  Ixxvii.)  30 
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Elements  of  Plane  and  Solid  Freehand  Geometrical  Draw- 
ing AND  SOME  Elements  of  Geometrical  Ornamentai,  De- 
SICJN.  Bv  IS.  E.  Warren,  C  E.  New  York  :  J.  Wiley  &  Sons, 
1878.     8vo. 

Professor  A\  arren's  books  on  deseriptive  geometry  are  so  well  known 
and  so  universally  aeknowletlged  as  standard  works  that  anything 
eoniing  from  his  pen  will  be  sure  to  be  of  interest.  Both  pupil  and 
teaeher  will  find  many  valuable  hints  in  this  little  book.  The  method 
of  describing  ovals  is  a  most  satisfactory  one,  as  it  enables  the  designer 
to  vary  the  shape  of  the  curve  almost  at  will.  It  is  of  particular 
value,  as  he  rightly  says,  being  a  natural  curve  of  intersection  and  not  an 
arbitrarilv  assumed  series  of  circular  arcs  as  most  commonly  used.  His 
remarks  on  geometrical  symbolism  arc  interesting  and  ingenious,  but 
would  srarcely  be  ap})reeiatcd  by  many  of  those  who  might  study  the 
book  t(»  great  advantage.  P. 


SpON's  ENCYCLOr.EDIA  OF  TME  INDUSTRIAL  ArTS,  MaNI'FACTURES 

AND  Commercial  Products.    Nos.  1,  2,  3.     (To  be  completed  in 
30  parts.)     I^ondon  and  New  York:  E.  &  F.  N.  Sp(m.     8vo. 

A  new  publication  of  this  kind  is  most  desirable,  as  many  new  pro- 
cesses have  been  brought  to  light  which  are  evidently  not  to  be  found 
in  similar  works  already  existing.  It  is  true,  many  of  these  have  yearly 
su})plcments,  which  are  evidently  great  additions,  but  after  a  given 
period  it  will  be  found  of  the  first  importance  to  re2)ublish  the  whole, 
and  to  place  the  novelties  where  they  Justly  belong.  As  a  general 
thing  a  dictionary  of  arts  and  mamifacturcs  gives  but  a  general  idea 
of  the  methods  adopted,  but  how  frecpiently  the  student  desires  details 
that  are  not  there  to  be  found,  and  we  are  glad  to  say  that  such  has  not 
been  the  case  with  Spon's  Industrial  Encydopaxb'a.  In  jiart  1st,  for 
example,  we  notice  calculations  relating  to  the  draught  and  suj)])ly  of 
air,  etc.,  in  the  manufacture  of  sulj)huric  acid,  the  importance  of  which 
is  as  great  as  the  tem])erature,  etc.;  the  steam  required,  the  manner  of 
regulating  the  same,  plans  and  sections  not  only  of  the  various  appa- 
ratus made  use  of,  but  also  in  many  cases  of  the  buildings,  showing 
their  general  arrangement.  The  subjects  have  been  written  by  various 
authors,  who  seem  to  have  been  very  well  versed  in  the  to])ics  dis- 
cussed. W\'  are  convinced  that  if  this  series  be  finished  as  conunenced, 
it  will  be  most  valuable  to  those  interested  in  chemical  technology. 

W. 
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Tables  of  the  Principal  Speeds  occurring  in  Mechanical 
Engineering,  Expressed  in  Metres  in  a  Second.  By  P. 
Keerayeff,  Chief  Mechanic  of  the  Obourhoif  Steel  AVorks,  St.  Peters- 
burg. Translated  by  Lugius  Kern,  M.  E.,  St.  Petersburg.  Lon- 
don and  New  York :  E.  &  F.  N.  Spon.     16nio. 

This  very  curious  little  work  gives  an  indication  of  what  is  really  a 
desirable  collation  of  data  for  mechanical  engineers.  It  is  perhaps 
one-twentieth  or  so  of  the  current  information  as  to  "  speeds  "  needed 
for  general  reference ;  and  the  information  it  contains  is  hidden  by 
imperfect  translation,  by  the  use  of  metres  per  second  in  place  of  feet 
and  inches  per  minute,  and  by  acceptance  of  working  speeds  as  abso- 
lute, when  limits  of  speeds  much  above  or  far  below  those  quoted  are 
possible.  Besides  this  it  can  be  said  that  many  s])eeds  are  given  at 
rates  to  be  considered  rather  as  particular  examples  than  as  those  of 
good  practice.  B, 


Supplement  to  Spon's  Dictionary  of  Engineering  (Civil, 
Mechanical,  Military  and  Xayal).  Parts  1,  2,  3.  To  be 
completed  in  15  monthly  parts. 

We  have  no  Engineering  Dictionary  which  is  better  known  and  has 
rendered  greater  service  than  the  main  work  to  which  these  three  parts 
and  those  to  come  will  form  a  supplement. 

Care  seems  to  have  been  taken,  in  many  cases,  to  complete  subjects 
heretofore  somewhat  neglected,  not  only  by  the  addition  of  new  devices, 
but  also  considerations   of  a  technical  nature  that  are  of  great  interest. 

We  notice  particularly  in  Part  I,  agricultural  imjilements  for  hand 
and  steam  ploughing,  etc.,  have  been  wisely  selected,  also  various 
machines  for  the  binding  and  reaping  combined  of  a  crop  of  wheat,  etc. 

In  Part  II,  we  take  pleasure  in  noticing  that  the  subject  of  belts  and 
belting  has  been  treated  in  a  lengthy  manner.  The  examples  given, 
we  are  glad  to  see,  are  mostly  American,  these  being  mainly  taken  from 
our  best  authorit\',  and  to  whom  much  credit  should  be  given :  but  we 
regret  to  state  that  the  initials  of  this  gentleman's  name  are  not  correct, 
and  should  be  J.  H.  Cooper  and  not  T.  Cooper  as  quoted,  his  valuable 
papers  having  appeared  in  the  Journal  of  the  Franklin  Insti- 
tute. •  W. 
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Franklin    Institute, 


Hall  of  the  Institute,  May  21st,  1879. 

Tlie  stated  meeting  wa.s  called  to  order  at  8  o'clock  P.  M.,  the 
President,  Mr.  AN'illiam  P.  Tatliam,  in  the  chair. 

There  were  present  106  nieniljei's  and  40  visltoi's. 

The  minutes  of  the  last  meeting  were  read  and  api)rovtHl. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  last  meeting  2ft  j)ersons  were  elected  members  of 
the  Institute,  and  reported  also  the  following  donations  to  the  Library  : 

Specifications  and  Drawings  of  Aniericjin  Patents,  for  Dec*ml)er,. 
1878.  From  the  Patent  Office. 

Postal  and  Commercial  Intercourse  between  the  United  States  and 
Central  and  South  America,  Washington. 

From  the  Postmaster-General,  AVashington. 

Direct  export  of  Iron,  Steel,  etc.,  from  IMiiladelphia  to  Foreign 
Countries  in  1878. 

Industries  of  Philadelphia,  as  shown  bv  the  Manufacturing  Censu* 
of  1870.     ]5y  L.  Blodgct.     Philadelphia,"l877.     Fn.m  the  author. 

Laws  of  Patents  of  the  United  States.     1878. 

From  the  Patent  Office. 

Notes  sur  les  Paratonneres.     Par  M.  Melsens. 
L'A|)plication  du  Rhe-clectrometreaux  Paratonneres  des  Telegraphes, 
Par  M.  Melsens. 

Notice  sur  la  coup  de  Fondre  de  la  Gare  d' Anvers  du  10  Juillet^ 
lX(5o.      Par  ^L  Melsens. 

From  the  author,  member  of  Royale  Academy,  Belgium. 

Papers  rexul  before  the  Pi  Eta  Scientific  Society.  1878-79.  llenn- 
selaer  Polytechnic  Institute,  Troy,  New  York.     From  the  Institute. 

Annual  Statements  of  Chief  of  Bureau  of  Statistics  on  the  Com- 
merce and  Navigation  of  the  U^nited  States  for  Fiscal  Year  ended 
.lune  'iOth,  1878.     Part  2 — Foreign  Commerce.  ' 

Swe<lenborg's  AVorks  in  20  volumes. 

From  the  Am.  Swedenborg  Print.  &  Pub.  Soc.,  New  York. 

Aiuiales  des  Pouts  et  Cliaussees  from  1865  to  1870  inclusive.  January 
!<•  .lune,  1871;  March,  187.'^;  November  and  December,  1877;  Jan- 
uary to  September,  1878. 

Indexes.     1866 — 1875  in  2  parts. 

Etat  de  I'Kelairage  et  du  Balisage  des  cotes  de  France,  au  1  er  Jan- 
vier, 1872.     Paris. 

Ix'gislation  Fran^aise  des  Chemins  de  fer  et  de  la  Tel(?graphie  Elec- 
trifiue.     Par  M.  Cotelle.     Second  edition.     Vols.  1  and  2.     Paris. 
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Annales  des  Mines.  First  Series,  parts  1-4.  Index  to  Third  Series. 
Fifth  Series,  parts  1-6  ;  Sixth  Series,  parts  1-G.    Index  to  Sixth  Series. 

Rupport  sur  1'  Amelioration  Sanitaire  et  Agricole  de  la  Donibes, 
1859. 

La  Seine.  Etudes  hydrologiques  regime  de  la  pluie,  des  sources,  etc. 
Par  M.  Belgrand.     Paris,  1872.     2  volumes. 

Enquette  sur  les  moyens  d'  Assurer  la  Regularite  et  la  surete  de 
I'Exportation  sur  les  Chemins  de  fer.     Paris,  1858. 

Travaux  publics  des  Etats  Unis  d'Amerique  en  1870.  Par  M. 
Malezieux.     Paris,  1873.     2  volumes. 

Question  des  Houilles.  Mission  de  M.  De  Ruolz  en  France  et  en 
Angletere.  Vols.  1  and  2,  text.  Vol.  3,  statistical  atlas.  Paris,  1872 — 
1875. 

Tramways  et  Chemins  de  fer  sur  routes.  Par  P.  Challot.  Paris, 
1878.  '  From  the  Minister  of  Public  AVorks,  France. 

Traite  des  Machines  a  vapeur.  Par  Bataille  et  Julien.  Paris, 
1847-49.     2  volumes.  From  Fredk.  Graff,  Paris. 

Annual  Peports  of  the  Various  Officers  and  Standing  Committees 
of  the  City  of  Allegheny  for  1878. 

From  James  Brijwn,  Comptroller. 

Betriebs-Einrichtungen  auf  Amerikanischen  Eisenbahnen,  etc.  Von 
H.  Bartels.     Part  1.  From  AV.  Lorenz,  Philadelphia. 

Introduction  a  1' Atlas  des  Monuments  de  la  Geographic.  Par  Feu 
M.  Jomard.     Paris,  1879.  From  the  author. 

Alamanaque  de  la  Gacetta  Industrial  para  1879. 

From  the  Gucetta. 

Memorial  Address  upon  the  Cliaracter  and  Piil)lic  Services  of  Mor- 
ton McMichael.     By  J.  W.  Forney.     Philadelphia,  1879. 

From  the  author. 

The  following  are  from  Mrs.  E.  K.  Williams,  Delaware  Co.,  Pa. : 
Slide  Valve  Practiaallv  Considered.     Bv  X.  T.  Burgh.     Pliiladel- 
phia,  1867.  '   .i:.aio^ 

Rudimentary  Treati.se  on  the  Drainage  of  Towns  and  Buildings. 
By  G.  D.  Dempsey.     London. 

Brief  Treatise  on  United  States  Patents.  By  H.  &  C.  Howson. 
Philadelphia. 

Treati.se  on  Water  Works.     By  Samuel  Hughes.     London. 

Catechism  of  the  Steam  Engine.    By  John  Bourne.     New  York. 

Practical  Treatise  on  Heat.     By  Thomas  Box.     Philadelphia. 

Ordnance  Manual  for  ase  of  the  Officers  of  the  U.  S.  Army. 
Second  edition.     Richmond. 
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Heat  Considered  as  a  Mode  of  Motion.  By  John  Tyndall.  New 
York. 

Appleton's  Dictionary  of  Machines,  Mechanics,  Engine-work  and 
F^nginecring,  in  2  voKimes.     New  York. 

Dictionary  of  Arts,  Manufactures  and  Mines.  By  A.  Ure.  New 
York.     2  vohnnes. 

Report  of  the  Superintendent  of  Public  Instruction  of  the  Common- 
wealth of  Pennsylvania. 

Circuit  Court  of  United  States  for  the  Eastern  District  of  Penna. 
Locomotive  Engine  Safctv  Truck  Co.  vs.  Pennsylvania  R.  R.  Co, 
Philadelphia,  1877. 

Physical  Geography  of  the  Sea.  By  M.  F.  Maury.  New  Y'ork 
and  London. 

Proceedings  of  the  American  Association  for  the  Advancement  of 
Science.     Vols.  21—26. 

Foiuidations  and  Concrete  Works.     By  E.  Dobson.     London. 

Strength  of  Materials.    By  William  Kent.     New  Y'ork. 

Chemical  Technology.     By  Dr.  F.  Knapp.    Vol.  2.     Philadelphia, 

Proceedings  of  Twenty-sixth  Annual  Meeting  of  Board  Supervising 
Inspectors  of  Steam  \"c.ssels.     Wtushington. 

The  High-pre'<sure  Steam  Engine.     By  Dr.  E.  Alban.     London. 

Locomotive  Engine,  and  Philadelphia's  share  in  its  Early  Improve- 
inciUs.     By  Jose[)h  Harrison,  Jr.      Philadelphia. 

Manual   of  Engineering,  Specifications  and  Contracts.     By   L.  M. 
Haupt.     Philadelphia. 
Papers  on  Iron  and  Steel.     By  D.  Mushet.     London. 

Reports  of  the  L^nited  States  Commissioners  t<i  the  Paris  Universal 
Kxposition,  1867.     By  \V.  P.  Blukc.     \Va.-^hington. 

Report  on  the  Physiques  and  Hydraulics  of  the  Mississippi  Rivers. 
By  Hunij)lireys  ct  Abbott.     Phila(Ielj)liia. 

The  following  are  from  the  Secretary  of  the  Interior: 
lu|)ort  ujjon  the  Y'ellowstone  National  Park  to  the  Secretary  of  tlie 
Interior.     Jiy  P.  W.  Norris.     Wiishington. 

Reports  on  the  Methotls  of  Surveying  the  Public  Domain  to  the 
Secretary  of  the  Interior.     By  J.  W'.  Powell.     Wiushington. 

Report  on  the  Creograj)liical  and  (ieological  Survey  of  the  Rocky 
Mountain  Region.      By  J.  W.  Powell.      WiLshington.* 

^  Preliminary  Report  of  the  Field  Work  of  the  U.  S.  Geological  and 
Geographical  Survey  of  the  Territories.     Washington. 
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Bulletin  of  the  U.  S.  Geological  and  Geographical  Survey  of  the 
Territories.     Vol.  4,  No.  4.     Washington. 

Birds  of  Colorado  Valley.  By  Elliott  Coues.  Part  1st.  Washing- 
ton, 1^78. 

Chart  of  the  Geographical  and  Geological  Survey  of  the  Rooky 
Mountains.     J.  W.  Powell,  Geologist  in  charge. 

Report  of  the  Chief  of  the  Bureau  of  Statistics  on  Commerce  and 
Navigation,  1878.     Part  1 — Foreign  Commerce. 

From  the  Hon.  Charles  O'Neill,  M.  C,  Washington. 

Reports  of  the  Commissioner  of  Education  for  1870-71.  Washing- 
ton. 

Special  Report  on  Education  in  the  District  of  Columbia.  By  Henry 
Barnard.     Washington. 

Circulars  of  Information  of  the  Bureau  of  Education.  Nos.  1,  2, 
and  5  of  1873  ;  No.  2  of  1878,  and  No.  1  of  1879.     Washington. 

From  the  Commissioner  of  Education. 

2d  to  15th  Reports  of  the  Commissioners  of  Internal  Revenue. 
Washington. 

Reports  of  the  Secretary  of  the  Treasurv  on  tlie  State  of  the  Finan- 
ces for  the  year  1858,  1860, 1864, 1866,  1867,  1870-72,  and  1874-75. 

Reports  of  the  Secretarv  of  the  Treasury  on  Commerce  and  Navi- 
gation of  the  U.  S.  for  1852,  1857,  1859  and  1864. 

From  the  Secretary  of  the  Treasuiy. 

Reports  of  the  Commissioners  of  General   Lands  for  1871-75  and 

1877-78. 

Maps  of  States  of  Illinois,  Iowa,  Mississippi,  Missouri,  Arkansas, 
Michigan,  Indiana,  Alabama,  Ohio  and  Wisconsin. 

Catiilogues  of  the  Publications  of  the  U.  S.  Geological  and  Geo- 
graphical Survey  of  Territories.     F.  V.  Hayden.     Washington. 

Bulletin  of  the  U.  S.  Entomological  Commission   No.  1.  Wasliington. 

Miscelhineous  Publications.  No.  1 — Lists  of  Elevations.  Wash- 
ington. From  the  Secretary  of  the  Interior. 

1st  to  5th  Reports  of  Major  C.  B.  Comstock  upon  the  Improve- 
ments of  the  South  Pass  of  the  Mississij>pi  River.     Washington. 

From  the  Chief  of  Engineers. 

Bulletin  de  la  SocidteTndustrielle  de  Mulhouse.  No.  140,  1857; 
September,  1860;  November,  1861;  January  and  March,  1862; 
August,  1865  ;  July  and  August,  1872,  and  January,  1874. 

From  Mr.  Henry  Schlumberger,  Guebwiller,  Alsace,  Germany. 
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Third  to  Tenth  Annual  Reports  of  the  Provost  of  the  Petibody 
Institute  <»f  lialtiniore. 

Discoui-se  on  Life  and  Character  of  Georg;e  Peabody.  By  .S.  T. 
AVallis.     Haltiinore. 

PrrK-ecdinj^  on  the  .Vnnouncement  of  the  Deutli  of  J  Ion,  John  P. 
Xennedy.      Baltiinon-. 

Addre-ss  of  the  President  and  Rej)ort  of  the  Trea.surer  and  Provost 
to  Trustees  (»f  Peabody  Institute,      liahiniore. 

Peabwly  Institute,  Baltimore.     The  Founders,  I^etters,  ete. 

Peabody  Institute.     Academy  (jf  Music  and  Instructions. 

Annual  U(|>(irt  of  the  Board  of  Commissioners  of  Public  Schools. 
Baltimore  From  P.  K.  Fhler,  Tiibrarian  PealxHly  Institute. 

Annual  Report  of  Board  of  Commissioners  of  Public  Schools. 

From  the  Commissioner. 

Charter  and  By-Laws — Commencement  Schools  of  Art  and  Desitrn 
iui(\  Book-keej)intr — ^^arvland  Institute. 

From  the  Institute,  Hahimore. 

Mr.  Charles  H.  Roney  made  some  remarks  on  Bituminous  anil 
Anthracite  coals,  coke,  etc.,  and  the  percentajje  of  phosphorus  was 
exhibited  by  a  table  thnnvn  upon  the  screen.  He  also  read  a  letter  of 
Dr.  Charles  M.  Crcsson  to  \V.  E.  C.  Coxe,  Est].,  relatiuj;  t«i  the  subject. 

Mr.  Outerbridjje  explained  his  method  for  making  diagrams  for  the 
lantern  in  an  expeditious  way. 

The  Secretary's  report  embraced  Fleischmann's  Improved  Switch 
Faradic  Battery;  Rappleye's  Automati(t  Governor  liurner ;  Xorcros^^' 
Furnace  Governt>r ;  Strohm's  Pipe  Cleaner;  Automatic  Fruit  Eva])- 
orator  ;  Roney 's  Improved  Electrical  Pencil  ;  Electrical  Clock  ;  Air- 
tight RefuM'  Can;  Sash  Opener  and  Clos«'r,  and  the  Mackinnon  Foun- 
tain Pen,  the  iridimn  ring  of  wiijch  was  exhibited  with  the  micro- 
megascope  (jn  the  screen. 

Mr.  Bingham  explained  his  |>aiitographic  chart  for  the  lantern,  whidi 
is  lieautilully  colored,  and  well  a«lai)ted  to  give  a  dear  idea  of  xho 
various  geological  periinls,  and  the  life  which  existed  in  those  times. 

The  Secretary  read  a  few  remarks  on  Co\\p<'r's  Writing  Telegraph, 
Electric  Lighting,  and  Practical  Edu<ation. 

( )ii  motion,  tlic  meeting  adjourned. 

IsA.\f    NonitlS,    MAK,  >'<rcr<  III  ri/  /ira  frill. 
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